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Intensities of the calcium line K have been estimated in 1718 stars of spectral 
type O-B3, and in 338 stars of later spectral subdivisions. This material has been used 
for the derivation of systematic errors and for the determination of the precision of such 
intensity estimates. 

After applying all necessary corrections the material was divided into groups ac- 
cording to spectral type and according to apparent magnitude. There appears to be a 
marked increase in the intensity of detached K for fainter stars, and for earlier spectral 
types. Be stars have also stronger calcium lines than absorption B stars. Several groups 
of physically connected stars were investigated separately, but there appears to be no 
certain evidence that luminosity or spectral type affect the intensity of K. The results 
were checked by means of the later types, and by means of estimates made on a stellar 
line in the vicinity of K. The various effects were not present in these instances, and 
their intensities closely followed the requirements of the theory of ionization. 

It was proposed to neglect all sources affecting the intensity of detached K, save only 
the distance of the star, thus putting 7=f(D). This relationship was evaluated graphi- 
cally from groups of stars whose distances are known with sufficient precision. It was 
then used for the derivation of distances and absolute magnitudes of certain other 
groups of stars. The results derived in this way are so consistent with other methods 
that the assumption I=f(D) seems justified. 


In my paper on “Interstellar Calcium,’” published last year, I 
have given an outline of the problem presented by the peculiar lines 
of ionized calcium in the spectra of the hottest stars. The intensities 
of the detached lines, discussed at that time, led to a number of in- 
teresting results, and it seemed advisable to undertake a new inves- 
tigation of the whole problem, especially planned to cover the fol- 

‘A short abstract of this paper appeared in Harvard College Bulletin, No. 857, 
p. I1, 1928. 


2 Contributions from the Mount Wilson Observatory, No. 331, 1927; Astrophysical 


Journal, 65, 163, 1927. 
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lowing points: (1) general expansion of the observational material, 
(2) extension of the work to the southern hemisphere, (3) extension 
to fainter stars, (4) special precautions to avoid systematic errors. 
It was my intention to study the following: (1) precision of the 
method, (2) physical significance of the estimated intensities, (3) 
regional effects, (4) relation between the intensities of the detached 
lines and the distances of the stars, (5) relation between luminosities 
and intensities, (6) relationship between ordinary stellar and peculiar 
detached lines. 
I. THE MATERIAL 


In my former paper I utilized estimates of the intensity of the 
line K, made from slit spectrograms, for 321 stars. Since it would 
not have been possible to accumulate a much larger number of slit 
spectrograms within a reasonable length of time, it seemed desira- 
ble to utilize objective-prism spectrograms. 

Earlier work on line intensities undertaken at the Harvard Col- 
lege Observatory, notably by Miss C. H. Payne,’ led to the belief 
(later substantiated by Miss Payne) that the Harvard collection of 
spectrograms would be admirably suited for such a study. Through 
the kindness of Director Harlow Shapley I was given the opportu- 
nity to make use of this fine collection of photographs. 

In the preparation for this work a list was made from the Henry 
Draper Catalogue and Extension of all stars of spectral type B3 or 
sarlier—about 2100 in number. In most cases the estimates were 
made on the same plates that had been used by Miss Cannon in her 
work on stellar classification, but in a number of cases additional 
plates were consulted. I would estimate the total number of sepa- 
rate plates used in this work at 1500. 

The plates varied greatly in dispersion and scale, as will be seen 
from Table I. In order to avoid systematic differences, the various 
series of plates were kept separate, and material was provided for 
a study of the systematic corrections and relative merits of the dis- 
persions. 

The intensity of the calcium line K was derived in essentially 
the same manner that was used previously for the slit spectrograms. 


* Harvard College Observatory Circular, No. 252, 1924. 
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The scale of estimates is an arbitrary one, but it was adjusted as 
nearly as possible to that of the slit spectrograms. I had originally 
based my scale on the standard of Vega, calling the intensity of 
stellar K in this star 10. One unit of the scale corresponds, then, 
to the smallest perceptible difference in intensity. 

In the present work I proceeded in a similar manner. For the 
objective-prism plates of high dispersion (series X and C) I selected 


TABLE I 


DISPERSIONS USED 





Linear Average 





Designation of Series Dispersion | Instrument 
(Ht —HB) 
SO ee ere 44 A per mm | 11-inch Draper 
ee ree 49 | 11-inch Draper 
x Oe)... Hehe 36 | 13-inch Boyden 
eo 7 41 | 13 inch Boyden 
See eee ee | 8-inch Draper 
eiuieesasesbeweatcan ee | 8-inch Bache 
_ Sar eee ee | §8-inch Bache 


PRS pee aeeene ear ..| 320 16-inch Metcalf 








as standard a plate (C 15903) of the star g Cephei (a 21°35™2, 6 
+61°38’; B2p; 4.7 mag.) for which K was estimated as 10.’ This 
avoided the use of a very bright star, such as Vega, and at the same 
time gave the advantage of having as standard a narrow detached 
line, in place of one of stellar origin. The scale is practically identi- 
cal with the one based on Vega as standard, but an accurate com- 
parison will be given farther on. The scale plate was frequently con- 
sulted during the work, but it did not appear necessary to consult 
it each time that an estimate was being made. 

For the small-dispersion plates (series I, B, B’, MF) the pro- 
cedure was somewhat different. The size of the plates and the num- 
ber of stars are such as to render an actual comparison with a stand- 
ard plate practically impossible. Furthermore, the appearance of 
the spectra varies so greatly on account of differences in focus, width 
of spectrum, etc., that an abstraction to ideal conditions must nec- 
essarily be made mentally. I have, therefore, used a purely mental 
scale, checked by frequent estimates on Ao stars. For these I as- 


' Intensity given as 9 in Mt. Wilson Contr., No. 331, 1927. 
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sumed a mean intensity of 10, in agreement with my previous stand- 
ard of Vega. The scale is, therefore, similar to that of the slit spec- 
trograms, but material for a determination of systematic errors was 
also secured. 

Although most of the estimates apply to stars of early type, I 
have made for all series of spectrograms a certain number of esti- 
mates on stars of later spectral subdivisions, from Bs5 to A3. These 
were used for the derivation of systematic corrections, as well as 
for a study of the intensities in these later subclasses. 

In order to distinguish effects due to ‘‘interstellar’’ conditions 
from those originating in the instrument, and from those that nat- 
urally occur under the varying conditions of stellar atmospheres, I 
selected a line of ordinary stellar origin, \ 3924, listed in Miss 
Payne’s card catalogue as being due to Si+*, and estimated its in- 
tensity on every plate on which K was observed. The maximum 
intensity of this line, comparable to that of K, is reached in subdi- 
vision B3. If there are any photographic or instrumental effects, 
such as that of underexposure suspected in my earlier paper," this 
line will also be subject to them. The scale used for the Si*+* line 
was identical with that for K. In spectra of very small dispersion 
the two lines are almost blended (series B and MF), and this caused 
considerable uncertainty in the estimates. However, great care was 
used to make the estimates for the two lines independent of each 
other, and I believe that this was achieved in most cases. 

Since both lines are always faint, they were identified by means 
of a ruler, on which were marked the Balmer lines of hydrogen, with 
an index in the position of K. By matching the lines on the ruler with 
those of the star, the position of K was shown by the index. Mis- 
identifications were thus avoided. 

For each star I estimated the quality of the plate, on a scale of 
5 (5 standing for best quality), and the photographic density in one 
of the following six divisions: very weak, weak, normal, strong, very 
strong, overexposed. The estimate of ‘‘quality’’ was based chiefly 
on the general visibility of lines in this and nearby stars, in the re- 
gion of K, and included the effect of “‘density.”” The two will later 
be shown to be closely correlated. 


t Op. cit., p. 14. 
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TABLE II 





MATERIAL ON STARS OF SPECTRAL Types O-B3 























| 
@ No. of Stars Bate I ” No. of Stars oe 
oh, 33 et re ae 87 132 
I 13 22 13 61 132 
Succ bes eiun das 4! 82 14 47 85 
3 41 97 15 50 99 
4 3I 62 10 120 195 
5 1160 207 17 119g 174 
PP iiee iave 120 207 18 104 172 
7 . ; 123 201 19 77 134 
Te ekanduy peter : 96 134 20 112 214 
9 34 5° 21 57 213 
10 100 172 22 39 125 
II 66 93 23 25 40 
i 


| 

















Total number of stars: 1718. 
Total number of estimates: 3153. 

Number of stars observed at Harvard: 1677. 
Number of stars observed with slit spectrographs: 329. 
Number of estimates at Harvard: 2582. 
Number of estimates on slit spectrograms: 571. 


TABLE III 





| No. of Stars No. of Estimates 
$2. $$ | —___ 

| 150 | 180 
63 69 
4! 45 
59 00 
2I 22 
4 4 





Total number of stars: 338. 


Total number of estimates: 380. 


TABLE IV 


DISTRIBUTION OF ESTIMATES ACCORDING 


TO QUALITY 








Q No 
ss ge WA ae Otel heels Diemer 104 0.3 
2 462 18.0 
3- 1329 §1.7 
4 463 18.0 
5. 152 5-9 


DISTRIBUTION OF ESTIMATES ACCORDING 
Tro DENSITY 








Mean. 











| Mean 

) No. | PerCent | ,"°% 
L No Per Cent Quality 
0.e. | 55 | 2.% | 2.978 
vis. | 113 | 4.4 3-34 
S. 347 13.5 3-41 
n. 1040 63.38 3.16 
w. | 2608 10.4 2.21 
V.W. | 147 ‘.7 1.32 
ety 6 aa Ne 2.99 
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In most of the present work I have also made use of the data 
from slit spectrograms. They form only a small proportion of the 
whole, but their scale has been accepted as fundamental, and all 
numerical data will be expressed in that scale. 

Tables II, III, and IV show the distribution of the material ac- 
cording to various characteristics. 


II. DETERMINATION OF SYSTEMATIC DIFFERENCES 
a) Corrections for “quality.” —In my former paper" it was shown 
that, beginning at a certain limit, underexposure tended to produce 
TABLE V 


CORRECTIONS FOR “QUALITY” 


Ca+ S14 
SERIES = 

O=zr1 O=2 No O=1 O=2 No 
( 0.6 L.2 65 0.9 1.8 | 32 
p 4 - 5 0.90 | 300 o 1.0 350 
I fe) ‘e) 128 4 °.8 127 
B ° 0.0 16 1 8 16 
B , 0.8 Pe 11 0.0 0.0 | II 

Weighted mean 0.5 I 0.7 1.4 


Add corrections to estimated intensity, if the quality is less than normal, and 


subtract, if the quality is better than the average. 


fainter lines. A similar result was reached by Miss Payne and Mr. 
Hogg.’ Since this error is particularly dangerous in an investigation 
of the intensities as function of apparent magnitude, I have deter- 
mined the differences in intensity due to variations in the estimated 
‘“‘quality.”’ The results were derived separately for K and Si*t 
3924, and are summarized in Table V. If the differences in quality 
are designated by AQ and the corresponding differences in intensity 
by AJ, the supposition was made that the relation between them is 
of the form 


AQ=Const. AJ. 
This is a sufficiently close approximation. 


t Thid., p. 6. 


2 Harvard College Observatory Circular, No. 304, p. 6, 1927. 
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It is surprising that the corrections for quality are appreciably 
larger for the Si** line than for K. Apparently, in making the esti- 
mates of quality I was somewhat under the influence of the spectrum 
itself and, therefore, rated stars with good lines higher than those 
with poor ones. The effect is in line with my previous results' which 
showed that the appearance of the calcium line was independent of 
the quality of the other star lines. This is an additional proof of 
the independent origin of the calcium lines. Assuming my previous 
results to be correct, namely, that the intensity of the Ca* line is 
entirely independent of the intensities of the stellar lines,’ it is evi- 
dent that the corrections for K given in Table V are due to ‘“‘quality”’ 
only, while those for the Sz** line are due to “quality” plus the 
effect of character of spectrum (diffuse or sharp lines). The inten- 
sities should, therefore, be corrected by values found for K. 

The necessary corrections were applied to the estimates, reduc- 
ing them to quality 3, corresponding to a normal spectrum. In no 
case does the correction exceed 1 unit on my scale. 

b) Precautions against selection.—A certain danger to the results 
could have arisen from the fact that many poor or out-of-focus 
plates had to be discarded. The tendency would undoubtedly have 
been to utilize underexposed or poor plates showing strong K and 


* Popular Astronomy, 34, 158, 1926. 

2 This assumption may require an explanation. In my previous paper (Joc. cit.) I 
found that the coefficient of correlation between the intensity of one particular stellar 
line (Si++ X 4553) and the estimated character of spectrum amounted to +0.47. The 
coefficient of correlation between the intensity of detached K and character of spectrum 
was found to be +0.29. This would seem to indicate a relationship between K and the 
atmosphere of the star. However, there appeared to be a positive correlation between 
character of spectrum and apparent magnitude (r= +0.2+0.05), and it was therefore 
concluded that the estimates of character of spectrum were influenced by outside 
factors, such as underexposure, flexure of the spectrograph, photographic effect, etc. 
These effects naturally influence the estimated intensity of K. It appears probable that 
the major part of the coefficient of correlation, r= +0. 29, is due to such outside factors. 
Whether a small positive correlation between character of spectrum and intensity of K 
would remain cannot at present be ascertained. If the intensity of K depends on abso 
lute magnitude (or distance) and if sharper and stronger stellar lines point to higher 
luminosities, such a correlation might be expected. It is certain, however, that the 
coefficient of correlation would be much smaller than 0.29. Since the maximum cor- 
rection in no case exceeds 1 unit, and since, furthermore, the distribution of the qualities 
is such that only a small percentage of the estimates need any correction at all, no ap- 
preciable error can result. 
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to discard spectra of the same quality but not showing K. This 
would have given a predominance of strong lines for the fainter 
stars, thus operating in the same sense in which any possible dis- 
tance effect might act. 

To avoid this source of error, I have adopted the rule of making 
estimates always and only then, if the continuous spectrum could 
be seen at H¢. This rule does not refer to the slit spectrograms, but 
the fact that intensities from Yerkes plates do not materially differ 
from those obtained at Victoria and at Mount Wilson proves that 
they, too, are free from this source of error. Indeed, if any such error 
existed, it would be present in 5—6 mag. for the Yerkes plates, but 
would not appear in the Victoria and Mount Wilson material until 
about 7 or 8 mag. 

c) Change of scale as a function of time.—It was considered nec- 
essary to investigate whether my scale of estimates had been sub- 
ject to slow changes, similar to those frequently encountered by ob- 
servers of variable stars. This is especially true for the series of 
smaller dispersions, where my scale was largely a mental one, and 
was not constantly checked by means of a standard plate. 

To provide the necessary material I have repeated, at various 
times, a considerable number of estimates from the same plates. 
These are most numerous for the I series, for which I estimated rog 
stars at the beginning and at the end of the work. The systematic 


differences come out as follows: 


Series Unit Stars 
Calcium................Beginning-end = —0.09 (109) 

! eae ......Beginning-end = +0.44 (107) 
& Calcium....... .....Beginning-end=-+ 1.0 (10) 
Xx RUNNIN. «.5 ave pve es ... . Beginning—end = — 0.67 (3) 


For series I the differences are negligible, while for the other two 
series the number of stars is so small that no real significance can 
be attributed to them. These corrections have accordingly been 
neglected in the results. 

d) Systematic differences between series —These are summarized 
in Table VI. In most cases these differences are smaller than 1 unit, 
and in some the signs are contrary to one another. It is, therefore, 
believed that my initial attempt to make the scales identical for all 
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series used had been successful, and that the recorded differences 
are mainly due to accidental errors. I have left the estimates in their 
original form and have not applied additional corrections for the 
different series. 

It will be noticed, however, that in specially selected groups of 
stars, each consisting of one given series of plates, systematic dif- 


TABLE VI 


DIFFERENCES BETWEEN SERIES 


Calcium Silicon 


S—C=+0.15 Mean dev. 


I 27 
S-X= 10. .| 0.90 | 22 
S-—I= 12. | 2.04 | 178 
S—B’=+ .21.. 1.36 | 7 
S—B=-—o0.67. | tgs 4 3 
C-—X=-—0.74 1.49 | 8 C—X=+0.88..| 1.55 6 
C—I=+0.26..| 1.59 69 C—I=—0.62..| 1.60 52 
C—B’=-+2.0s..] 2.14 | 11 C—B’=—2.06..| 2.06 7 
C—B=—o.50 | 1.50 | 3 C—B=—1.33..| 2.67 3 
| 
X—B’=+1.13..| 1.95 | 56 X— B’= —0. 37 1.69 45 
X—B= 1.36..| 2.09 | 34 || X—-B=—-1.13 1.78 31 
X—MF=-+0.40..| 1.60 3 || X—MF=-—1.57 2.57 3 
». | | 
I—B=—o0.50 1.83 | 3 I— B= — 0. 33. .} 0.33 3 
} | | 
| | 
B’—B=+0.11..| 1.70 53 B’—B=—0.07..| 1.63 53 
B’—MF=-—3.03..| 3.03 | 7 || B’—-MF=4 .o1 1.04 7 
B—MF=-—1.72 2.80 | 12 B—MF=-+0.03 1.80 12 


The tabular values represent the means for every combination of two estimates 
for each star having intensities from various series. The mean deviation is the mean 
difference for every two estimates. 
ferences amounting to about 1 unit are possible, even though the 
number of stars may be large. This is especially important for com- 
parison of regions situated in the northern and in the southern 
hemispheres. 

Table VI seems to reveal a tendency to show opposite signs for 
Ca* and Sit** in the same series. This may be real, and may be 
traceable to psychological errors of the observer. 

III. PRECISION OF THE ESTIMATES 

The scale of estimates had been selected in such a way that one 

unit corresponded to the smallest perceptible difference in intensity. 





362 OTTO STRUVE 


It is expected, therefore, that the probable error of one estimate 
will be of the order of one unit. 

The probable error of one estimate was computed for all stars 
having six or more separate estimates. The individual values fluc- 
tuate slightly as a function of the intensity itself, but the mean is 
+o.90. This value may be a little too small, since, in general, only 
the brighter and, therefore, better-exposed stars have as many as 
six estimates each. For most of the fainter stars the estimates are 
few and the formulae of statistics do not apply because of the non- 
fulfilment of the condition of large numbers. 

If we compute the probable error from a small sample of a given 
population the value obtained will necessarily be too small, since 
the computed mean will not be sufficiently close to its real value. 
In Table VI the mean deviations were given for samples of two in- 
dividuals each, and represent the difference between them. Accord- 
ing to Peters’ formula we have: 

_ 0.84532A 


uv 
, 


nV n—I 


where A refers to the true value of the mean. Evidently, if we take 
the mean deviations from Table VI, as they stand, we would ex- 
aggerate the probable error. The computed mean from each sample 
of two would lie halfway between them and would make the result- 
ing A smaller than they really are. Therefore, we have: 

0.845324 0.845324 


<fo< 
an V n—I nV n—I 


The exact determination of 7, is a difficult problem of modern 
statistics if the samples are small, as they are in our case. But a 
sufficiently close value can be found by assuming’ 

0.8453 
%9= r 0.75 , . 
nV n—I 

t The probable errors in my former paper (0p. cit., p. 6) were also computed from 
small samples, although there the number of individuals was larger than two. The 
real probable errors would be somewhat larger than those given, that is, of the order of 


+o.75 unit, for all series considered at that time. 
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Substituting the values from Table VI and taking the average, 
we get: 
%=2rI1.12. 


This agrees sufficiently well with the value of +0.90 found di- 
rectly. We will assume as final value of the probable error of one 
estimate 

r= tI1.0. 


Since, on the average, we have for each star 1.54 estimates, the 
average probable error of one final intensity is given by 


r= + =+08. 


IV. PHYSICAL SIGNIFICANCE OF THE INTENSITIES 
Errors of measurement necessarily produce a certain amount of 
scattering in the recorded intensities. A doubt might, therefore, 
arise as to whether the intensities have any real physical significance. 
In Table VII, I have collected data for a few of the better-known 
Stars. 
TABLE VII 
INDIVIDUAL INTENSITIES FOR CERTAIN STARS 
Stars with Strong Lines 

x? Orionis 7 

g Camelop 10, 5, 10, 8, 10 

d Cephei 5, 7, 6, 6, 7, 8, 4, 6, 7, 8, 8, 4, 6 


9g Cephei. .. 6, 7, 10, 8, 10, 6, 5, 6,6, 7,9,9 


b) Stars with Faint Lines 


8B Cephei...... ss] BO) OO, 2,04 

n Ursae Maj I, 0,0, 1 

a Virginis 0, I,0,0,0,0,1,0 
x Scorpii E, 1; 8, 8, 0,03, 


The reality of the differences between the stars of Table VII can 
readily be verified by reference to any spectrogram, even one of 
small linear dispersion. We are thus justified in our assumption that 
there exist certain physical conditions producing strong detached 
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calcium lines in some stars, while in others the same lines are faint 
or even absent.’ 

Table VIII gives the frequency distribution of the observed in- 
tensities for all stars of spectral type O-B3. The computed charac- 
teristics are: 

Units 
Mean intensity= 3.32 
Standard deviation = + 1.97 


The skewness is appreciable but is of no special interest, as it 
obviously depends upon the scale employed. Since the distribution is 
discontinuously broken off at J =o, and since, furthermore, the ex- 
istence of a strong line is a “‘rare event,” it can best be represented 
by one of Charlier’s frequency curves of type B. 


TABLE VIII 


FREQUENCIES OF THE INTENSITIES OF K IN SPECTRAL TyPES O-B3 


| | | 
5.0-10.0— | 70> 15.0- | 6.0- [20.0-111.0- 


| | | 
I 10.0-| 1.0-| 2.0- | 3.0-| 4.0-| 
| | | | ; . | | 
| 0-9 1.9 2.9 3.9 4.9 5.9 0.9 | 7.9 5.9 | 9.9 | 10 9 | 
No | 95 | 250 | 341 | 429 | 293 | 161 | 62 | 38 23 | 7 | 12 ¥ 
| | | | | 





The standard deviation found for the whole material corresponds 
to a probable error of 1.35. This is to be compared with the prob- 
able error of one intensity, r= +0.8. If we designate the total dis- 
persion by o=+1.97, the dispersion from inaccuracy of measure- 
ments by o,=0.8/0.674 =1.2, and the dispersion produced by cosmic 


causes by o,, we have: 





o=+V o?7+02, 
or 
o =-+) o?—o,’ . 


€ 


Substituting the values found above we find: 
o,= +1.6 units. 


tT take it for granted that in the samples of Table VII the calcium lines are actually 
“‘detached.’’ Measurements of radial velocity prove this. In the following paragraphs 
we shall extend this assumption to faint stars, where the radial velocities are not known. 
There is no reason to assume that the fainter or more distant stars should show “stellar” 
calcium lines, when such lines are absent in the respective spectral classes for nearer 


stars. 
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The cosmic dispersion is thus found to be slightly larger, but 
still of the same order of magnitude as that due to the inaccuracy 
of the measurements. To separate the two effects it is necessary to 
form groups of stars in such a way that for each group the cosmic 
factors would remain constant. The dispersion due to the inaccuracy 
of the measurements is then reduced in inverse proportion to the 
square root of the number of stars included, while for the difference 
between two such groups the cosmic effect would come in with its 
full value. 

V. THE EFFECTS OF APPARENT MAGNITUDE 
AND SPECTRAL TYPE 

If we group all stars of spectral type O-B3 according to their 
apparent magnitude, we find average intensities as shown in Table 
IX. 

TABLE IX 


INTENSITY OF DETACHED K AS A FUNCTION OF APPARENT 
MAGNITUDE 


Appar. Mag } No Aver. Int 
on 2. I 1.0 
I 2 | fe) 0.97 
2- 3. 32 1.39 
s 4 2 1.85 
4- 5 I4I 2.41 
5 6 205 2.Q1 
o~- 7 310 3.12 
7- 8 359 3.60 
8- 9 372 3-79 
g-I0. 182 4.04 
IO-II. 27 4.44 
SE-s3 I Irl.o 


The run of the intensities is very smooth, as is illustrated by 
Figure 1. This shows that, with the precautions taken, the increase 
in intensity persists into the faintest apparent magnitudes. It is 
certain that the possibility of the lines becoming weaker for stars 
of apparent magnitude fainter than 7 (as suggested in my previous 
paper)" is now definitely ruled out. 

We have the very remarkable fact that there exists a continuous 
increase in the intensity of detached K as we proceed from the 


* Contributions from the Mount Wilson Observatory, No. 331, p. 13, 1927. 
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brighter apparent magnitudes to the fainter ones, and this increase 
amounts to o.4 intensity unit for each stellar magnitude. 

















Intensity 












































I wai 
0.5 2.5 4-5 0.5 O.5 10.5 
Apparent magnitude ( 
I'ic. 1.—Intensity of detached calcium line K as a function of apparent mag- | 


nitude. 


By grouping all stars according to spectral type, we obtain the 
distribution shown in Table X. For convenience I have included 
the estimates made for the later types' and for the Si** line 3924. 


TABLE X 


INTENSITY OF K AS A FUNCTION OF SPECTRAL TYP! 


Spectral Type No Intensity K No — 
O 95 4.40 59 0.91 
BO. 302 3.97 290 1.84 
Br... 66 3.13¢ 60 1.gI 
B2 sei tra 326 3.05 = 310 2.39 
B3 . , 0290 2.97 SS5 2.97 
Bs eae 150 3.05 124 2.12 
B8 63 3.83 51 1.07 
Bo 41 4.50 32 0.80 
Ao 59 8.47 50 46 
A2; A3 patel 25 19.98 14 0.07 } 





It will be seen that the detached lines are strongest for type O 
and weakest for B3. This is contrary to the ordinary theory of ion- 





t These have not been used in Table IX. 
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ization and can be regarded as an independent proof of the peculiar 
behavior of these lines." 

In interpreting the relations obtained it must be remembered 
that apparent magnitude has no independent physical significance. 
It is completely determined by the absolute magnitude M and the 
distance, in parsecs, D, through the relation 


m=M-+5 log D—s, 
or, since we may put M =f (Sp), 
m=f (Sp)+5 log D—s. 


It is clear that the two relations found above are not independ- 
ent. They may both be due to a distance effect, or to one of spectral 
type (or luminosity), or to the combination of the two. 

TABLE XI 


INTENSITY AND SPECTRAL TYPE 


O Bo Br B2 B3 
Appar. Mag 
No I No I No I No I No I 

o- I fe) ° I 1.0 ° fe) 
2 ° 2 2.0 4 0.7 3 0.9 I 0.4 
a—- 3.. 3 0.9 6 i.2 5 1.8 7 S44 88 1.4 
3-4 I 2.2 2 2.6 5 1.4 10 ee 2 1.8 
4- 5 6 3.9 9 2.0 II 3.0 1s 3.0 Q7 2.1 
9 12 4.1 21 4.2 5 4.0 23 .. 2 I4I 2.5 
6- 7 17 4.2 45 3.4 II 4.2 42 2.2 | 20n 2.9 
7- 8 > 5.0 66 3.8 17 3.8 55 3.9 197 3.2 
8- 9 19 4.8 94 3.9 4 3.0 87 3.9 | 168 3.4 
g-10 9 3.5 55 3-7 9 44 4-3 74 4.0 
ge) Se 3 3-7 2 4.8 fe) 7 4.4 15 4.6 
TI-12.....] 1 11.0 ° ° ° ° 

All....] 95 4.40] 302 3.71| 66 | 3.13] 326 3.65| 929 2.97 


Table XI shows the whole material divided according to spec- 
tral type and according to apparent magnitude. It will be seen that 
all spectral subdivisions behave essentially in the same manner, and 


‘It is strange to find that in all my tabulations (Contributions from the Mount 
Wilson Observatory, No. 331, p. 19; Popular Astronomy, 34, 7, 1926) type Br has an 
abnormally small intensity and B2 an abnormally strong one. It would seem that from 
the point of view of calcium intensities these two subdivisions should reverse their 
order. But this effect may be purely accidental. 
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that for each apparent magnitude the earlier types exhibit stronger 

lines than the later ones. This can be explained by assuming that 
the intensity J is a function of D only. 

VI. EXAMINATION FOR SYSTEMATIC ERRORS 

The foregoing conclusions seem sufficiently important to justify 

a careful scrutiny of the whole material for systematic errors. In a 

general way such errors are not very likely to occur. As we have 

seen, the only serious source of error is that due to differences in the 
TABLE XII 


INTENSITY OF Si++ \ 3924 AS A FUNCTION OF APPARENT MAGNITUDE AND 
SPECTRAL TYPE 


O B Br I B 
Appar. Mag a 
No I No I No I N I No I 

Oo~- 1 fe) fe) I ‘2 fe) re) 
I- 2 fe) 2 0.5 4 1.6 2 2.6 I I.s 
34 3 1.5 5 1.5 5 ..% 6 3.5 10 3.6 
3- 4 I 0.5 2 2.9 5 1.9 9 4.0 23 3.0 
e- 5 6 r.© 7 f.3 5 2.7 10 2.9 83 2,3 
5 0 10 ee. . 10 ;.O 8) 1.0 20 2.0 132 3.0 
6- 7 15 1.0 44 1.6 II I 42 20 189 $.3 
ee 23 0.7 O05 1.9 17 I 53 I.9 IQ! 2.0 
8 -9 10 re go 2.3 3 SO 2.2 108 3.1 
g-10 5 9 54 1.5 fe) 44 2.4 73 2.7 
IO-II : 3 0.7 2 3.2 ° 7 2.9 15 oe 4 
EI-I2 I :.o fe) ° °) ve) 

All 89 0.91} 290 1.84) 60 I.Q1| 316 2.39] 885 2.97 


series of plates. In the preceding discussion, however, the plates of 
different series have been mixed so thoroughly that no effect com- 
parable to the one found could remain. 

A more direct proof can be submitted. Table XII gives the in- 
tensities of the Sz** line \ 3924 arranged in a way similar to Table 
XI. The effect of apparent magnitude is absent, as would be ex- 
pected, and the progression with spectral type is exactly that ex- 
pected from the theory of ionization for a line of doubly ionized 
silicon, the general run being quite different from that of the de- 
tached K line. 

Similar tables were constructed for the line K in later spectral 
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types as well as for the Si** line. In both cases the effect of appar- 
ent magnitude is absent and the relation with spectral type is that 
required by the theory of ionization for lines originating in the at- 
mospheres of the stars. 

To check the results still further, I have excluded from the early 
types all plates of series B and MF because of their small dispersion. 
The results remain practically the same asin Table XI, showing a 
strong increase in intensity for the fainter stars, and a similar in- 
crease for the earliest spectral types. 

Finally, I have tabulated the material separately for each ob- 
servatory. The results are in good agreement, especially if one con- 


TABLE XIII 


INTENSITIES OF K FOR THE DIFFERENT OBSERVATORIES 


Appar. Mag Yerkes Mt. Wilson Victoria Harvard 
oO I . ‘ (1.0) 
I- 2. 1.9 r.2 ‘2 0.7 
3 1.9 1.6 3.3 1.3 
a 2.0 2.2 3.4 | 1.0 
4-5 3.0 2.5 4.0 2.3 
5- 6 3.4 2.9 4.1 2.5 
Oo 7- 4.8 3-3 3.1 
all 4.0 3.6 3-5 
8- 9 4.8 (2.0) 3-7 
Q-10 (2.5) (3.0 4.1 
IO-II 4.4 
11-12 (11.0) 


siders the small number of stars for which slit spectrograms were 
available. A summary is given in Table XIII. Uncertain values, 
obviously affected by errors of underexposure or by the scantiness 
of the material, are placed in parentheses. The Harvard intensities 
run a little lower than those obtained from slit spectrograms, but 
the increase for faint stars is visible in all series. The inclusion of 
the slit spectrograms will tend rather to obliterate the effect than 
to accentuate it. Therefore, we can safely say that the effects of 
apparent magnitude and of spectral type upon the detached lines 
are real. 
VII. REGIONAL EFFECTS 

The final intensities for each star were entered on a diagram of co- 

ordinates, and the average for each square of 10° on the side were 
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taken, provided that the number of separate estimates in a given 
Square was not less than ., 

A decided concentration of strong lines in Cygnus and Cepheus 
is shown, and an even more striking region of faint lines occurs in 
the southern portion of Orion. As these regions are especially rich 
in stars, the recorded difference of more than 3 units may be re- 
garded as definitely established. 

In a general way there seems to be a tendency for weak lines to 
predominate between galactic longitudes 80° and 250°, while strong- 
er lines predominate in the other hemisphere. This difference is 
probably real, but I know of no way to prove that systematic errors 
have not crept into the results. 

The more interesting groups of strong or weak lines are indicated 
in Figure 2. Attention should be called to the small region of strong 
lines corresponding to the double cluster in Perseus. This region is 
surrounded by areas of small intensity. 

Whether the regional effects, as observed in Cygnus, Cepheus, 
Perseus, and Orion, are due to any real ‘‘calcium clouds,” or whether 
they are due to differences in the average relative distances of the 
stars forming physical systems cannot be determined at this point. 


VIII. PHYSICALLY CONNECTED GROUPS OF STARS 

There are among the early B-type stars a number of physically 
connected groups or clusters. Some of these I have examined statis- 
tically in a recent paper,’ where it was shown that the stars in each 
cluster may be regarded as being at the same distance from the sun. 
This refers especially to the groups in Cygnus, Perseus, and, from 
the investigations of Kapteyn, also to the group in Orion. Kapteyn’s 
investigations make it probable that similar groups exist in the 
southern sky. 

The intensities of the detached lines in every given cluster are 
thus independent of the distance. They enable us, therefore, to 
study the distribution separately for spectral type and luminosity, 

*T am using this method according to a suggestion from Professor Frank Schles- 
inger. 


2 Astrcnomische Nachrichten, 231, 17 


7) 1927. 
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the latter being given by the apparent magnitude. Table XIV is 
self-explanatory. 
TABLE XIV 


Groups OF B-TypeE STARS 


REGION: PERSEUS; a 1536™—2h44™; § +54° to +61 
14 


Magnitude 
spectrum ee aS —-* = is — 
4.5 5.5 6.5 7.5 | 8.5 9.5 | Total 
atta eee = ——|— eee 
i ae ois ju ee oe 3.8(2 |7-5(1) 15.0(3) 
Bo 2.5(3) |5.2(1) {5.0(5) --: 4.2(9) 
} 
ee ; re eer ae) ae ee ee 13.1(4) 
B2... 5.6(1) |4.9(4) |4.0(4) |.......14.6(9) 
B3.. ; ; 0.8(2) |/3.2(3) 15.5(3) |3.8(6) |3.5(1) |3.6(15) 
= a : ee pee ee pares 
Total. 7 : 0.8(2) |3.1(8) |5.0(10) |4.0(18) |5.5(2) 14.0(40) 
| 
REGION: ORION; a 5hr2™—5h36™; § —8° to jo* 
Magnitude 
Spectrum ea ~ ro ~ —— or. 
1.5 2.5 3.5 4.5 5-5 0.5 7-5 Total 
| | 
O r6te) f Bain 1.4(2) o- 1.4(3) 
Bo 2.0(2) |1.7(1) |1.3(1) Jo.o(1) | ee 1.4(5) 
. | 
Br 1.5(1) |2.2(1) |r.5(1) |2.0(1) 1.8(4) 
| 
B2 2.1(1) r.1(1) |3.1(3) 1.9(5) 
B3 r.9(8) |2.1(8) |2.8(12) |2.2(9) |2.3(37) 
Total. 3.0(3) |r.6(2) |1.4(2) |r.7({11) |2.0(14) }2.8(13) |2.2(9) |2.1(54) 
/ } : : 
REGION: MONOCEROS; a 6h24™—6hs57™; § +1° to +11 
Magnitude 
opectrum = 7 
5 5 6.5 7-5 8.5 Potal 
a 6.1(1) ee ee ree ee et 
BO:... 5 .0(4) 5.0(4) 
Br a 6) a oo Seer 5. 3(1) 
B2... ...+13-2(3) |[5.2(8) 14.0(3) [4.5(14) 
| eee 2.4(1) |3.1(3) |3.2(2) |4.0(2) |3.3(8) 
Total......J/6.1(1) |4.6(6) |3.1(6) |4.8(10) |4.0(5) |4.3(28) Sere et. ere eee ae 


* Two stars fainter than 7.5 were included in the column 7.5 


/ 
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TABLE XIV—Continued 
REGION: CARINA; a 1ohgm—rrh24m; § —55° to —65 
| Magnitude 
Spectrum eS aE = _ = . ae 
ia 4 uss 6s | vs | SS | OF | 10.5 Total 
paeaie ee Prag are a rT ee : 
Re is Sains © occ's Eos eid ela oe es }6.6(2) 14.5(3) |4.0(6) |2.8(2) | Pee ek 
Bo ae sow ase chZe QQ) Ta. (Ez) 1g. 7125) 13.014) ...13.8(29 
| \ 
es oo ee ei ee Cane es Boreas [3-9(3) ee ow a « Ce 
| 
B2 ook enbeeeesevikeMte Ts. eeOr 16.0051) 15.05) oixace vhs ae 
B3 3.0(1) 13.7(6) 13.1(8) |3.4(0) l2 3(13) 13.2(38) 13.2(2) |3.2(44 
_ Se REO Teresrh Ey ete ara 
otal 3.0(1) |3.7(6) 13.5(14) [3.8(29) |3.0(41) 13.4(19) |3.2(2) |3.0(112) 
REGION: CRUX; a 11h4g2™—13h7™; 6 —56° to —67°T 
Magnitude 
Spectrum a 7 = ” —_ - 
4.5 as 4 OS | v5 8.5 9-5 10.5 Total 
O eer sd ; A.B) bv. : ‘ : 4.0(2) 
Bo eet . 6.0(1) 13.3(7) |4.0(10) 14.1(17) 14.8(2) |[4.0(37 
Br oe ee ia he ae 2.8(6) 
B2 rs . -13-6(3) |4.5(4) |4.8(9) |3.8(4) |5.0(1) |4.4(21) 
B3 1.4(4) .-|2.7(3) |3.6(5) |3.0(17) |3-9(9) ; 3 .0(39) 
Total 1.4(4) |4.0(2) |3.6(8) |3.7(19) |3.7(36) |4.0(30) |4.8(3) |3.7(105) 
REGION: SCORPIUS; a 15657™—17h2™; § —35° to —51°f 
Ma itude 
opectrum : 2 ) —— 
1.5 5.5 0.5 7 5.5 9.5 I 5 Total 
| aol : 6.2(2) |4.6(3) |6.2(2) |0.0(1) , = 5.6(38) 
Bo : 15.7(2) |2.2(3) |5.0(2) |4.0(4) |4.5(11) 4.2(22 
Br 7.0(1) | ..-/§-2(2) |4.0(1) — 5.4(4 
B2 eee. ..[4.0(1) 13.8(5) 14.1(6) |4.7(6) |3.8(2) |4.0(21) 
B3 SP 3.0(1) 14.2(4) |[3.0(14) 15.4(5) |4.2(7) 4.1(32 
Total 17.0(1) |5.4(5) 14.0(13) |4. 2(24) |4.6(16) |4.4(24) |3.8(2) 14. 3(87 
t One star: J=0.6 sp. Br; 1.5 mag 
One star: J =0.6 sp. B1; 1.5 mag 
One star: J=o0.8 sp. B3; 2.5 mag 
t One star: J=o0.8 sp. B3; 2.5 mag 
One star: J =0.6 sp. B2; 3.5 mag 
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TABLE X1IV—Continued 


REGION: SAGITTARIUS; a 17549™—18h13™; § —18° to 


. 
Magnitude 
spectrum - 
cc 6.5 7.5 8.5 9.5 10.5 Total 
O 3.2(2) 1(2) 3.2(4) 
Bo... 3.4(3) |4.2(1) }2.2(4) |5.0(1) 2. 2(9) 
ee - 5-7(1 7.0(1) 4.5(1 5. 7(3) 
Bt... 3.0(1) |14.0(1) |3.3(3) 3-4(5) 
B3 6.0(1) 2.1(4) 13.3(5 3.1(10) 
Total 4.4(5) |4.1(5) |2.5(11) |3.6(10 3.4(31 
REGION: CYGNus; a 19h44™—20h24™; § +34° to +41 
Mag r 
opectrum 
..< 6.5 os 8... 9.5 I 5 Total 
O . 4.4(1) . 3-541) 14.514) 14.50 2.0(1 4.1(38) 
aa 4.3(1) |2.0(1) |3 2.0(4 3.0(8) 
Bt... 4.1(1) 4.1(1) 
B2... 2.4(1 3.4(2) 14.6(2) |3.0(4) 13.3(5 5.9(8) |2.5(2 4.1(24) 
B3 2.4(1) |2.4(4) 3-7(7) |3-4(4) |4.0(9) |4.8(13) |3-9(38) 
Total 3-1(3) |2.8(6) 14.3(4) |[3.6(17) |3.4(12) |4.4(22) 14. 5(15) 13.9(79) 
REGION: CEPHEUS; a 20h48™—22hbr5™; § +54° to +64 
Magnitude 
Spectrum 
c 6< 7.5 8 « 0.5 10.5 Total 
O 6.0(3 3. 3(1 5.4(4) 
BOs <.0 ats) 18.908 3.2(2 4.8(10) 
Br 4.8(1 4. 8(1) 
B2... 7.0(1) |5.4(3 5.2(2 = 6(6) 
B3 2.0(2) |5.3(6) |5.8(5) 5 .0(13) 
Total ../7.0(1 4.7(11) 15.4(12) |5.1(9) 13.3(1 5.1(34) 
Not! I'he positions given for each region are only approximate. They serve for identification. The 
numbers of stars are given in parentheses 


In whichever way the stars are grouped they differ comparative- 
ly little from the mean value for the whole cluster. This mean value, 
however, may be as low as 2.1 (for the Orion-nebula group) and as 
high as 5.1 (for the Cepheus group). We are here dealing with the 
“regional effect’ discussed in the preceding paragraph. 
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In two or three cases there seem to be indications that the fainter 
magnitudes are associated with stronger lines, but this is contra- 
dicted in other cases. The effect, if real, may be caused by stars of 
the foreground or the background, and I do not believe that at the 
present stage of this work there is need for a hypothesis demanding 
stronger lines for smaller luminosities. 

In most regions the O stars exhibit a slight tendency toward 
stronger lines than the later types. But in Orion the reverse is true, 
and in Cygnus and Sagittarius the effect is not noticeable. The pos- 
sibility cannot be denied that earlier types may be associated with 
slightly stronger lines, independently of the effect of distance. 

IX. THE O STARS 

Although the material is small I have divided the O stars ac- 

cording to subtype. The results are shown in Table XV. 
TABLE XV 


INTENSITIES OF DETACHED K IN O STARS 


Spectrum No peanen 
P Cygni type 8 7% 
Oa 10 3.6 
Ob 7 2.6 
Oc 5 5-4 
Od 3 4.0 
Oe 12 4.8 
Oe5 48 4.2 


The P Cygni stars are included because P Cygni itself is classified 
as Bip in the Henry Draper Catalogue. According to the measures 
of one plate by Professor Edwin B. Frost,’ the velocity from K 
nearly agrees with the reflex of the solar motion, while the other 
absorption lines give very different values. Frost is led to the con- 
clusion: “*. . . . it yielded a velocity of o km, thus differing widely 
from the dark silicon lines. Such behavior of the K line is found so 
frequently in spectra of type B that it is hardly abnormal, although 
as yet unexplained.”’ R. H. Curtiss’ obtained —17 +1.6km/sec. for 

t Astrophysical Journal, 35, 293, 1912. 


2 Popular Astronomy, 22, 133, 1914. 
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K, and a similar value was obtained by C. T. Elvey.' P. W. Merrill? 
has measured K in the P Cygni star D.M.+10°4673, but the differ- 
ence between this line and the others is small, and so constitutes 
an uncertainty. 
X. STARS WITH BRIGHT HYDROGEN LINES 

Among the 1718 stars investigated here there are 96 which are 
mentioned in the remarks to the Henry Draper Catalogue as having 
bright hydrogen lines. According to B. P. Gerasimovic’ and R. H. 
Curtiss,’ these stars are more luminous than the ordinary B’s. There 

TABLE XVI 


INTENSITIES IN Be STARS 


SLIT SPECTROGRAMS THE WHOLE MATERIAL 

Mac ad 

No I(Be No I(B No 1(Be No 1(B) 

o- I °o | ° I 1.0 
I- 2 | o | a 7 1.8 O 10 1.0 
3 | 3 | 1.2] 14 1.8 4 1.8 18 1.3 
3- 4 | 3 | 4.2] 19 2.8 6 1.2 36 | 2.0 
4- 5 | 14 | 4.0] 65 | 2.6] 18 2.6 23 | 2.4 
5- 6 9 3-5 | 79 2.4 17 ..9 188 | 2.9 
6- 7 12 | 4.9 | 50 2.2 23 3.0 293 3.1 
7- 8 } 1 | 4.0] 25 3.7 | 18 3.8.) 3721 5.5 
8- 9 | 3 | 2-7] 4 5-0 5 4.7 304 3-7 
Q-I10 | I 2.0 2 3.0 2 4.8 180 4.0 
IO-II ce) | fe) e) 28 4.5 
Total 56 | 3.7 | 265 3.0 96 3.1 | 1622 | 3.3 


is also evidence that they are redder in color than the stars without 
hydrogen emission.’ I have grouped the material for the slit spec- 
trograms separately from the rest. 

The results are at first a little confusing. If we consider only the 
arrangement by magnitudes (Table X V1), we find a small but rather 
persistent predominance for the Be stars. This is especially pro- 
nounced for the whole material. 

In the arrangement by spectral types (Table XVII) the effect 
clearly persists in the slit spectrograms, but it is not noticeable for 


t Private letter. 
2 Publications of the Detroit Observatory, 2, 71, 1916. 
3 Harvard College Observatory Bulletin, No. 849, p. 8, 1927. 


+ Journal of the Royal Astronomical Society of Canada, 20, 35, 1926. 
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the whole material, and the mean of all Be intensities, 3.1, is slightly 
less than for the B’s, 3.3. This apparent contradiction is explained 
by the difference in the frequency distribution according to appar- 
ent magnitude. The Be stars show maximum frequency for much 
brighter magnitudes than the B’s. Consequently, if the stars are 
arranged by spectral types, the proportion of faint stars is greater 
for the B’s than for the Be’s. This will cause an unequal distribu- 
tion in the intensities, because of the effect of apparent magnitude, 
discussed under head V. Since the lines are stronger in faint stars, 


TABLE XVII 


INTENSITIES IN Be STARS ARRANGED ACCORDING TO SPECTRAL TYPE 


Stir SPECTROGRAMS THe WHOLE MATERIAI 
SPECTRUM 1 
No I No I No I No I 
O 4 5.5 4.1 6 £2 59 4.4 
BO... 13 3.8 30 3.3 18 3.5 284 9 
| ae 5 3.6 22 2.9 5 3.9 61 2.1 
_ a II 4.8 40 4.0 26 2.9 300 2.9 
ee 23 2.8 | 151 2.4 41 2.5 888 | 3.0 


it is obvious that a group of stars containing more faint stars than 
another one will show stronger lines, on the average. 

Whether the difference in the modes of the two frequency dis- 
tributions is real or whether it is merely a result of selection (prob- 
ability of discovery) can hardly be decided at present. But it is sig- 
nificant that it agrees in sign and even in size with the value given 
by Gerasimovic for the difference in absolute magnitudes: 


M(B3e)—M(B3)=2.44+1.1. 
From Table XVI, I find: 


Maximum frequency for Be at apparent mag. 6.5 
Maximum frequency for B at apparent mag. 8.0 


Difference....... Foe ear 


vi 


Summarizing these results we may say that it appears highly 
probable that the Be stars have stronger detached lines than the 
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ordinary B’s. Since the Be’s are more luminous than the B’s this 
can be interpreted in the light of a distance effect. 
XI. THE STELLAR CALCIUM LINES 

In Table X, I have given the mean intensities of the detached 

and stellar calcium lines for different spectral subdivisions. At no 

point in the spectral sequence do the lines disappear, and there is 

certain to be a mixture of both types of lines in subdivision B3 and 

TABLE XVIII 


FREQUENCY DISTRIBUTION OF CALCIUM INTENSITIES IN LATER SPECTRAL TYPES 


I I-2 2-3 4 1-5 5-6 6-7 7-8 8-9 Q-10 | 10-11 11- | Total 
Bs 
15 27 31 41 15 0 7 fe) 4 I fe) 3 150 
B8 
5 5 14 15 9 5 5 2 I fe) fe) 2 03 
Bo 
O 5 6 RS 8 7 2 I 4 re) I I 4! 
Ao 
re) I 3 3 5 0 3 4 10 } dS I2 SO 
\2-A3 a 
fe) fe) fe) fe) fe) I 2 fe) I I I 19 25 


perhaps also Bs5. Probably the detached lines predominate in B3, 
and the stellar in Bs. 

It is of interest to see whether and to what extent stellar calcium 
lines can penetrate into the domain occupied by the detached lines 
(O-B3). Table XVIII gives the observed frequencies for the later 
spectral subdivisions. 

Figure 3 shows the most probable course of the intensities for 
the stellar calcium line. We may regard this curve as the central 


line of a frequency distribution, marking the highest frequencies for 
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each spectral subdivision. The observed dispersions for types B8, 
Bg, and Ao, which are not affected by the detached absorption, are: 


Units 
For B8: o=+2.5 
For Bo: o= 2.5 
For Ao: o=+4.6 


These values are affected by the uncertainty of measurement 
ge=+1.2. The cosmic dispersion ¢, computed from the formula 
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Fic. 3.—Calcium intensities for various spectral subdivisions. Black dots repre 
sent the observed intensities. The continuous line shows the course of the intensities 
of the stellar lines, observed between A3 and B8, and extrapolated from B8 to the left 
of the diagram. The dotted lines show the range of the standard deviation, also extra- 
polated from B8 to the left. 


amounts to + 2.2, +2.2,and +4.2 units for the three spectral types, 
respectively. 

The physical meaning of this dispersion does not interest us here. 
Doubtless it is due to the fact that the various standards on which 
Miss Cannon’s classification is based are not quite homogeneous. 
The intensity of K is one of her standards, but this may not always 
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exactly agree with the required intensities from the helium and other 
lines (perhaps as a result of unequal relative abundance in different 
stars). The dotted curves in Figure 3 mark the respective standard 
deviations. Assuming a Gaussian distribution for the intensities, 
which is sufficiently close in this case, they indicate that one-quarter 
of all stars of a given type lie above the upper dotted line, while 
one-quarter fall below the lower line. Extrapolating the lines to- 
ward the earlier types, we can estimate the relative number of stars 
of a given subdivision that will show stellar calcium lines of an ap- 
preciable strength. It would appear from the diagram that at B3 
still one-half of all stars have stellar lines stronger than intensity o, 
while at Br the proportion is one-quarter. Even at Bo there will be 
found a small percentage of stars with faint stellar lines. 

The existence of stellar lines in early types is thus not only pos- 
sible but almost inevitable. The result is undoubtedly an effect of 
blending of a stellar line with one of the detached type, and this 
explains satisfactorily most cases of spectroscopic binaries showing 
calcium lines oscillating with the same period but with a smaller 
amplitude than the stellar lines. This is in good agreement with B. 
J. Bok’s' result that the number of binaries showing oscillating cal- 
cium lines decreases as we proceed from the later to the earlier types. 
If Bok’s list is brought up to date, and if a few stars, such as 12 
Lacertae,’ are omitted, the agreement becomes even better. 

XII. DISCREPANT STARS 

There remain, however, several cases of spectroscopic binaries 
for which the blend hypothesis fails. These may be divided into two 
groups: 

1. Stars having large amplitudes for the stellar lines. Such bina- 
ries should show no blending near maximum relative velocity, since 
the stellar line would be sufficiently far removed from its normal 
position to avoid any interference with the detached line. The most 
outstanding cases of this nature, taken from Bok’s list, are 6 Scorpii 
and wW Orionis. 

t Bulletin of the Astronomical Institutes of the Netherlands, 4, 9, 1927. 


?R. K. Young, Journal of the Royal Astronomical Society of Canada, 19, 46, 1925; 
W. H. Christie, Publications of the Dominion Astrophysical Observatory, Victoria, 3, 


215, 19025 
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2. Three binaries the orbits of which were derived from the de- 
tached lines only (g Camelopardalis, € Persei, and x Aurigae). 

With regard to the first group, I believe that recent evidence is 
against their reality. Pearce’ has shown that Boss 46 has perfectly 
“stationary” calcium lines. y Orionis has been mentioned by R. K. 
Young? as a case where the semi-amplitude of the stellar lines is 144 
km/sec., while that of the detached lines is 80 km/sec. The spectral 
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lic. 4.—Velocity-curve of the spectroscopic binary y¥ Orionis. The points indicate 
J. S. Plaskett’s velocities for the brighter component of this system. Harper’s measures 


of the calcium lines are shown by circles. 


type is B2. The orbit was derived by J. S. Plaskett’ without refer- 
ence to the calcium lines. These were later measured by W. E. 
Harper.’ In Figure 4 I have plotted his values together with Plas- 
kett’s velocity-curve. It is evident that K does not oscillate with a 
velocity-curve similar to that of the stellar lines. The diagram seems 
to indicate that detached K is blended with the stellar line for a 

t Publications of the Dominion Astrophysical Observatory, Victoria, 3, 275, 1926 

2 Op. cit., 1, 220, 1920. 

> Astrophysical Journal, 28, 266, 1908. 


+ Publications of the Dominion Observatory, Ottawa, 4, 343, 1919. 
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short time near y-velocity, after which it is completely separated. 
I would consider this plot rather a support for the blend hypothesis. 
Nine additional plates were obtained at the Yerkes Observatory 
during the winter of 1927—1928, and are shown plotted in Figure 5. 
Again there is apparently no real oscillation for the detached lines. 
The calcium lines in this star are faint and difficult to measure, so 
that large errors may be expected. 
In the case of 8 Scorpii the evidence is divided. Z. Daniel and 
F. Schlesinger’ suspected a small oscillation. At the same time J. C. 
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Fic. 5.—Velocity-curve of y Orionis from Yerkes spectrograms (1927-1928). The 


velocity of the star is shown by points. The calcium velocities are shown by circles. 


Duncan’ found no variation in the velocity of K. This case must, 
therefore, be regarded as uncertain. 

The three stars of the second group are more difficult to explain. 
In al cases the range in velocity is small (K =8 km/sec. for & Perse; 
K =9 km/sec. for 9g Camelopardalis, and K = 21 km/sec. for x Auri- 
gae). Additional observations will be required before their exact na- 
ture can be determined. In the case of 9 Camelopardalis the stellar 


t Publications of the Alletheny Observatory, 2, 135, 1912. 


2 Lowell Observatory Bulletin, 2, 21, 1912. 
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lines show fairly large deviations but no satisfactory velocity-curve 
could be construed. The possibility of blends is not quite ruled out. 
There is at present no definite proof against the blend hypothesis 


for oscillating detached lines. 
XIII. PROPOSED HYPOTHESIS 


It seems to me that without stressing the results of the preced- 
ing paragraphs unduly we may assume that the intensity of a de- 
tached line depends chiefly upon the distance of the star. This would 
explain qualitatively the observed relation of intensity to apparent 
magnitude and to spectral type. 

In my previous paper I have shown that “‘calcium clouds”’ have 
nothing in common with dark or bright nebulae. This at once sug- 


‘ 


gests that we should think rather of a “cloud in space” (to use 
Eddington’s words) than of many separate clouds. Regional effects 
would then be the result of the well-known tendency of B-type stars 
to form clusters. The relative intensity of the detached lines for 
each such cluster would depend on its distance from the sun.’ 

The only serious objection that I can see to this idea is that the 
observed calcium velocities differ in some cases appreciably from the 
reflex of the solar motion. It is true that the motion of the solar 
system with respect to the calcium masses is subject to some un- 
certainty. There may also exist blend effects due to the presence of 
stellar lines. Nevertheless, it is probable that some of the residual 
velocities are real.? In that case we must think of some sort of a dif 
fuse cloud similar in structure and in motions to the Orion nebula, 
but vastly larger. Peculiar motions will then be observed, and there 
may occur condensations in the general cloud. But just as Hubble 

* This possibility was discussed in my previous paper (p. 12). It was shown that 
for Cepheus the brighter stars, alone, show an intensity considerably in excess of those 
in Orion having the same average apparent magnitude. This could be construed as a 
proof against uniform distribution of calcium atoms in space. It does not, however, 
affect the statistical correctness of our hypothesis. Nor is it impossible that the aver 
age absolute magnitude of the stars in Cepheus differs from that in Orion. 

2 It should be noted that the rotation of the galaxy advocated by J. H. Oort 
(Bulletin of the Astr. Inst. of the Netherlands, 3, 275, 19273 4, 79, 19273 4, 91, 1927) and 
recently confirmed by J. S. Plaskett (Journal of the Royal Astronomical Society of 
Canada, 22, 131, 1928) would satisfactorily explain at least part of these peculiar veloc- 


ities. A more detailed discussion will be given in another paper. 
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was able to trace the inverse-square law in the distribution of bright- 
ness of the diffuse galactic nebulae, we may be able to observe the 
“distance effect’ in the intensities of the detached lines. 

Another objection to which I called attention in my previous 
paper is the absence of detached lines in later types. The combina- 
tion of great distance and large velocity-displacement for the stellar 
lines is a condition for the possibility of observing detached lines. 
This condition is fulfilled in very few stars observable with modern 
slit spectrographs,' and the fact that up to the present no such lines 
have been found cannot, perhaps, be regarded as sufficient reason 
for discarding the proposed hypothesis. Additional observational 
material on stars likely to show detached lines will doubtless settle 
this point before long. 

For the present, we shall neglect all other causes that may af- 
fect the intensity of detached K. We then obtain a simple relation 
between the intensity J and the distance D: 


IT=f(D). 


Eddington’s theory would enable us to predict the foregoing re- 
lationship, provided that the distribution of calcium atoms in the 
stellar universe is known. For the central parts a uniform distri- 
bution may be supposed, and Eddington has made use of this as- 


1 There is one group of stars, however, where both conditions are fulfilled. In the 
spectra of the novae the ordinary stellar lines are displaced many angstroms to the 
violet. At the same time their distances are believed to be very large (Lundmark, 
various articles in Publications of the Astronomical Society of the Pacific). In all these 
stars there have been observed the narrow detached lines of calcium and of sodium. 
It is remarkable, furthermore, that in spite of the tremendous changes in spectral 
type and luminosity of the novae, the intensity of detached K remains practically 
constant. I have examined from this point of view the spectra of three novae photo- 
graphed at the Yerkes Observatory. For Nova Aquilae 1918 I find from a large number 
of plates that the intensity of detached K was about 3.5 between June 9 and August 12. 
For Nova Cygni 1920 it was 6.5 between August 23 and September 13, and for Nova 
Geminorum 1912 it was 6.5 between March 15 and April 2. This remarkable stability 
in intensity is a strong argument in favor of the hypothesis of interstellar calcium. It 
is true that for Nova Geminorum 1912, R. H. Curtiss has found a decline in the velocity 
from the detached lines amounting to 7 km/sec. This effect was absent, however, in 
Nova Aquilae and Nova Cygni (Popular Astronomy, 33, 167, 1925). Curtiss suggests 
radiation pressure as an explanation. The fact, however, that the total change in 
velocity did not exceed 7 km/sec. indicates that the calcium atoms must have been 
very far from the star. 
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sumption. But since many of our stars lie thousands of parsecs from 
the sun, such a supposition may not be justified." 

We shall, therefore, derive our relationship empirically. After it 
has once been established, it will also serve for deriving distances 
when the intensities are known. There will be a certain amount of 
scattering around the central curve. This will be due in part to errors 
in the estimated intensities, and in part to other causes affecting 
the intensities, which we have decided to neglect. 

Unfortunately, our material for calibrating equation J =f (D) is 
very scarce. 

1. We shall assume, with Eddington,’ that the spectroscopic bi- 
nary 66 Eridani is at a distance of 100 parsecs and does not show 
any detached lines. 

2. The Orion-nebula group, for which we had an average inten- 
sity of 2.1, has been found by various investigators to lie at a dis- 
tance of about 180 parsecs.* 

3. For the cluster in Perseus we have an intensity of 4.0. R. 
Trumpler* finds D=2300 parsecs. The determinations of various 
investigators vary greatly, but the foregoing value is probably the 
most trustworthy of all. 

4. For the cluster in Cygnus my estimate of the distance’ is 
about 1000 parsecs. The observed intensity is 3.9. 

5. For the absorption O stars (Harvard Oes5 and Oe) an average 
absolute magnitude of — 4.0 is adopted.® The observed data are: 

Oe: 12 stars; aver. int. 4.8; aver. appar. mag. 7.2; D=1730 
Oes5: 48 stars; aver. int. 4.2; aver. appar. mag. 6.8; D=1450 


* Eddington (Proceedings of the Royal Society of London, A, 111, 428, 1926) also 
remarks that his computations of the density of interstellar matter refer to the central 
parts of the galactic system and that at the confines of the system the density will 
probably fade out. 

2 Tbid., p. 445, 1926. 

3 J. C. Kapteyn, Contributions from the Mount Wilson Observatory, No. 147, 1918; 
Astrophysical Journal, 47, 104, 146, 255, 1918; N. H. Rasmuson, Meddelanden fran 
Lunds Astronomiska Observatorium, Ser. I1, No. 26, 1921; O. Bergstrand, Sur le groupe 
des éloiles a helium dans la constellation d’Orion, Stockholm, 19109. 

4 Publications of the Astronomical Society of the Pacific, 38, 352, 1926. 

5 Astronomische Nachrichten, 231, 38, 1927. 


© Russell, Dugan, and Stewart, Astronomy, 2, 667, 1927. 
i) o ’ / / 
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6. For the P Cygni stars the average absolute magnitude, as de- 
rived from the Magellanic Clouds, is —6.' I shall adopt here a slight- 
ly smaller value, namely, — 5.5, since the average absolute magnitude 
of the O stars in the Magellanic Cloud (—5) is also slightly more 
luminous than the value applicable for our stellar system (—4). The 
average intensity is 7.5. The average apparent magnitude is 8.5 and 
consequently D=6500 parsecs. 

The relationship between distance and intensity of K is given 
in Figure 6. In spite of the great uncertainty of this curve, there 
can be but little doubt that it is substantially correct. 

XIV. SOME CONSEQUENCES 

a) Absolute magnitudes of helium stars.—Under head V it was 

found that the intensity of detached K increases by 0.4 unit per 
TABLE XIX 


ABSOLUTE MAGNITUDES OF HELIUM STARS 


Spectrum I ee. Remarks 
O +-4 +.5 
Bo ee 8 
Bi 2.1 . S 
B2 3.6 2.5 
B3 3.0 1.0 Assumed 


magnitude. This enables us to establish approximate absolute mag- 
nitudes for different spectral types, provided that the magnitude 
of one subdivision is known. We shall adopt M (B3)= —1.0. 

The values in Table XIX agree satisfactorily with other deter- 
minations.? 

b) Distribution of interstellar calcium.—In my former paper I 
have given the following approximate calibration of my arbitrary 


scale: 
Estimate. . I 2 . 4 5 6 "7 8 9 10 
Mag. diff . O22 6:2 6.2 @.4 6:5 ©.6 6.7 0.8 @.9 t-0 


Every unit corresponds to o.1 stellar mag. 


t Tbid., p. 803. 

2 It should be noted that these absolute magnitudes are independent of the curve 
in Fig. 6. Their agreement with data obtained by other methods constitutes another 
argument in favor of our hypothesis. 
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If we assume uniform distribution of the calcium atoms all over 
space, we should get the intensity of the dimmed light / to the un- 


dimmed J, by the following expression: 


where 8 is the absorption coefficient and x the thickness of the ab- 


sorbing layer. What we actually observe is the value (m—m,), name- 
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Intensity in units of o.1 stellar magnitude 


Fic. 6.—Relationship between intensity of detached K and distance 
ly, the difference between the intensity of the continuous spectrum 
m and that in the line, m,, both expressed in stellar magnitudes: 
m—m,= 2.5 log T/T, . 
If J, is put equal to 1, we get: 
m—m,=Const. x. 


In other words, the observed intensities should be proportional 
to the distances. Figure 6 suggests that this is not the case. It is 
impossible to join all points by drawing a straight line through the 
origin. The departure from a straight line is in the sense of a de- 
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creasing density of the calcium atoms as we approach the limits of 
the galactic system." Unfortunately, the uncertainty of the curve, 
as well as of the calibration of my intensities, is such that it would 
be useless to evaluate the law of distribution of the calcium atoms. 

c) Average distances and absolute magnitudes of certain groups of 
stars.—With the use of the smoothed curve in Figure 6 it is possible 


TABLE XX 


DISTANCES OF CERTAIN GROUPS OF STARS 


Region Aver. Int | D (in Parsecs) 
Cygnus... 3.9 1400 
Carina. . 3.6 1100 
Crux ee ee Oe 1200 
PNR iss. vss 1s wielnres stele oseN 4.3 1800 
Sagittarius 3.4 1000 
Monoceros | ‘.% 1800 
Orion | 2.1 200 
EEE OL ee ere 4.0 1400 
Pisa Saaitase% | 5.1 2800 


TABLE XXI 


ABSOLUTE MAGNITUDES OF WOLF-RAYET STARS 





Spectrum | Aver. Int D —_— gam M 
Oa 3.6 1100 oe —3.1 
Ob.. 2.6 500 8.2 0.3 
RE Tra | 5-4 3300 7.2 fe) 
err 4.0 1400 4:9 —6.0 








to derive approximate distances of the various groups of stars dis- 
cussed under head VIII. 

In a similar way we obtain for the various classes of Wolf-Rayet 
stars the data shown in Table XXI. 

With the exception of Od, which approaches the P Cygni stars 
in absolute magnitude, all other Wolf-Rayet stars are absolutely 
much fainter than the ordinary absorption O stars. 

B. P. Gerasimovic has suggested, independently,? that the Wolf- 

«This conclusion depends entirely upon the assumed distance of the P Cygni 
stars. In a forthcoming publication by Gerasimovié and the writer this question will 
be rediscussed. 


2 Private communication. 
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Rayet stars form a transition between: the ordinary O stars and the 
planetary nebulae.’ The central stars of the latter are known to be 
about 5 mag. fainter than the O’s; which would give for them M = 
+t. 

XV. CONCLUSIONS 

In a general way this work tends to confirm my former investi- 
gation. The chief observational results may be summarized as fol- 
lows: (1) Fainter stars have stronger detached lines than brighter 
ones. The increase in the intensity of K amounts to o“4 per mag- 
nitude. (2) The earlier spectral subdivisions (O—B3) have stronger 
lines than the later ones. (3) Several physical groups of stars show 
well-defined average intensities, but give no certain evidence as to 
any relationship between luminosity and intensity of K. (4) Be stars 
have probably slightly stronger detached lines than ordinary B’s. 
(5) Spectroscopic binaries showing oscillating calcium lines may be 
interpreted as a blending of a stellar and a detached line. 

The chief obstacles in the way of Eddington’s suggested hypoth- 
esis have been removed in the present study: (1) There is no de- 
cline in the intensity of K for the faintest stars. (2) Spectroscopic 
binaries with oscillating K lines constitute no proof to the contrary. 

There still remain two major objections: (1) The non-occurrence 
of detached lines in spectral types later than B3. Further work will 
have to be undertaken to see whether this is actually the case. (2) 
The existence of peculiar radial velocities from the detached cal- 
cium lines. This, if real, would be contrary to the idea of a uniform 
cloud of calcium atoms, but it does not necessarily contradict the 
hypothesis of Eddington. There may exist in the general cloud con- 
densations showing peculiar motions, similar to those observed in 
the Orion nebula. 

In view of the increasing evidence in favor of the hypothesis of 
Eddington, I have suggested that we put J =/(D), thus neglecting 
all other factors that may determine the intensity of K (such as 
non-uniformity in the distribution of calcium atoms). It should be 
noted that this assumption, while predicted from Eddington’s hy- 

tC, Wirtz has also recently called attention to the fact that the Wolf-Rayet stars 
(Oa, Ob, Oc) are about 3 mag. fainter than the other O stars (Od, Oe, Oes) (Miiller- 
Pouillet, Lehrbuch der Physik [11. Auflage], 5, Part 2, 230 and 264). 
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pothesis, does not rest on it. It is derived empirically from the re- 
lation between intensity and apparent magnitude, and is evaluated 
graphically from certain groups of stars the average distances of 
which were supposed to be known. The uncertainty of the curve is 
very great, but the fact that consistent results are obtained for the 
absolute magnitudes of certain groups of stars lends some plausibil- 
ity to the assumption. The relation J =f(D) holds statistically. The 
material is insufficient, however, to determine the scattering from 
it of individual values. 

Our final conclusion would then be that present observational 
evidence does not contradict Eddington’s theoretical ideas, but in 
some respects even favors them. Caution must, of course, be exer- 
cised as long as the objections mentioned above have not been sub- 
mitted to a careful scrutiny. It would also be desirable to repeat 
all or part of the work using only one series of plates. For this pur- 
pose it would be best to utilize one of the smaller dispersions (for 
example, that of series I) and to secure additional plates of the 
brighter stars, timed in such a way as to make the photographic 
density comparable to that of the faint stars on long exposures. I 
believe, however, that the consistency of the results submitted here, 
and their general agreement with information derived from slit spec- 
trograms, is a sufficient guaranty that no changes in the conclusions 


will be caused by such a revision. 


I am greatly indebted to Director Harlow Shapley for the op- 
portunity to take up this study at the Harvard College Observatory. 
Many thanks are also due to Miss Cannon for the use of her original 
notebooks, without which it would have been impossible to accumu- 
late such a large amount of material. I am indebted also to Miss 
Payne and to Professor Gerasimovic, for access to unpublished ma- 
terial. Dr. A. Pogo assisted in the drawing of Figure 2. Most of 
the computations involved in this paper were made by Mme L. 
Struve and by Miss L. D. Cable. 
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IDENTIFICATION OF LINES IN THE SPECTRUM 
OF » CARINAE' 
By PAUL W. MERRILL 
ABSTRACT 

The spectrum of m Carinae consists essentially of emission lines, among which those 
of hydrogen and ionized tron have long been recognized. A few other lines are probably 
due to ionized titanium and ionized chromium. 

This paper identifies most of the remaining lines with forbidden lines arising from 
metastable states of the ionized-iron atom. Low density is thought to be the condition 
which allows these non-laboratory lines to occur. Two curious instances of violations 
of the inner-quantum-number rules are noted. 

The spectrum of the remarkable southern variable star 7 
Carinae,’ consisting chiefly of numerous emission lines, is a most 
unusual one. Lines due to hydrogen and ionized iron are readily 
recognized, and a few of the fainter remaining ones may be ascribed 
to ionized titanium and ionized chromium. Although the spectrum 
has been known for many years through the observations of the 
Harvard College Observatory,’ and those of Gill,4 of Moore and 
Sanford,’ and of Lunt,° a number of the strongest lines have neverthe 
less remained unidentified. Several of the unknown lines have been 
observed in the spectra of novae and, recently, in a few other peculiar 
Stars. 

The lines measured by Moore and Sanford and by Lunt are 
listed in Table I. The wave-lengths have been converted to the 
international system. In addition, a correction of —o.17 A has been 

t Contributions from the Mount Wilson Observatory, Carnegie Institution of Wash 
inglon, No. 354. 

27H.D. 93308; R.A., 10"41™2; Dec., —59°10’ (1900). Remark in Henry Draper 
Catalogue: ‘‘Nova Carinae, No. 1. The star was of the fourth magnitude at the time 
of the first recorded observation in 1677. In 1751, it was of the second magnitude, and 
from 1837 to 1854, it was about mag. 0.3. In 1869, it had declined to the seventh 
magnitude, and has fluctuated between the seventh and eighth magnitudes since that 
time.”’ 

3 Harvard Annals, 28, 175, 1897; 76, 36, 1916. 

4 Monthly Notices, R.A.S., 61, Appendix, p. 66, 1901. 

S Lick Observatory Bulletins, 8, 55, 1913. 

® Monthly Notices, R.A.S., 79, 621, 1919. 
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TABLE I 


BRIGHT LINES IN THE SPECTRUM OF n CARINAE 


LuNT Moore AND SANFORD 
L.A IDENTIFICATION 
L.A Int —_——__—— Int 
IQI3 Igi2 
4068 . 56 fore) 68.62 Neb. ?? 
Hé ° Hé Hé | ° Hé 
4122.87 000 22.67 Fell 
4143.00 000 
4171.65 000 71.91 72 
4173-33 ° 73-50 I 73-48 i II , 
77-39 ° 77.22 (frei 
178.07 I a e Bf Gow 
oo 78.75 I 78.87 Fe 1 
4200.91 fore) 99.87 He 11? 
4233.03 5 | 33-14 ct 5 22.16 Fe 
4243.77 5 ©9 | 43-95 8 3.97 [Fe 11] 
| 45.35 I 44.85 [Fe m1] 
4258.25 co | 58.16 Fe 
= 73.63 | Oo— | 73-31 Fe II 
4276.74 .| 4 | 76.86 | 5 | 76.87 [Fe m] 
4287.31 9 | 87.30| 87.28 | 10 87.40 [Fe 1] 
; | 89.73 | i 2 go. 23 72 
200.06 | re) 90.71 re) 90.50 Fe i 
429 / a 
99.62 | ro) 00.05 Till 
4303.30 I 03.07 I 03.18 Fer 
iis i a ~ Fe 
}\ 05.70 I 05.90 [Fe 11] wae 
4313.25 oo | *2.88 Ti 11°, 14.98 Ti 112? 
4319.69 2 | 19.54 | | 2 19.64 [Fe 11] 
| 24:48 |.... eh ae NE OT EEE: oe 
. 20.72 a oe Pe ee eee eee ee 
4330. 20 0o | 39-093 = se 
4336.96 sod I 37.92 Ti 
Hy se 6 | Hy Hy | 5,4 Hy _ 
4340.75... r | 46.61 I | 46.87 [Fe 11] 
4352.09 7 | 52.10 51.78 | 8 51.77 Feu, 52 80 [Fe 11] 
4359. 26 10 | 58.95 58.79 10 59.34 [Fe uu], 58.38 [Fe ul] 
4302.21.. a 2 O1.35 2 tate eee eee eee eee 
4309.43 000 69.41 Fel 
4372.41 I 72.56 | ° 72.46 [Fe 11] 
4382.34 ° 82.76 [Fe 1] 
4385.71 r.§ 85.33 | 2 85.39 Feu 
4304.47 ° 94.08 } ° 95.04 77 
4399.00 oo 99.77 Ti i 
4403.30 000 
4411.05 000 
4413.72 8 13.88 13.56 | 8 13.79 [Fe 1] 
4410.48 9 | 16.27 10.11 9 16.28 [Fe mj, 16.81 Fe 
4419.11 PB eaten een he ec eStore Sid hs Eee aa Senos as Piale ata a ann s ie eos 
4421.36 | ooo | 
| 
4420.59 UE: ge 6 occ ais ele. s ices ae he ee ee RE we dee. pili aiap eee ww a sane 
4443.10 e) 42.83 oO 43.80 Ti ll 
4448 .05(?) 000 
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TABLE I—Continued 























LUNT | MoorE AND SANFORD | 
| 
| | 
| LA | | IDENTIFICATION 
LA | Int. |———————_-|_ Int. | 
| 1913 IgI2 
| | | 
ae 4 51.95 51.71 6 52.00 [Fe 1] 
rE een ee 54-94 | Oo | : : 
ae 3 57-81 | 57-37 | 5 | 57-96[Fe 11] 
BADO. GO... cee oom : . 
4006.82......-. | oo | 67.94 | o 6} 68.49 Tin 
4694-95--..4...] 2 | 74.71 | 3 | 74.90 [Fe 1] 
4488.81. 4 | 89.05 | 3 89.21 Feu, 88.77 [Fe 1] 
4491.83 5 | O1.59 | 91.55 3 o1.41 Fe 11, 92.65 [Fe 1]? 
4500.54 ° 00.44 | o | o1r.277i1 
4508.25 5 | 08.39 | 08.51 . 08.29 Fe 11 
4515.08 5 | 15-29] 15.52 | 5 15.34 Fe tl, 14.92 [Fe 1]? 
4519.97 4 | 20.32 | | 3 20.24 Fe ll 
4522.62 | 6 | 22.55 | 22.04 5 22.64 Feu 
4533-77 2 | 33.70 2 34.17 Fell, 33.97 Tiu 
4541.58 1 | 2. eee ° 41.52 Feil, 41.63 He u? 
4549.49 7 | 40.33 | 40.33 7 49.48 Fe tl, 49.64 Ti u 
4555-55 6 55.09 55-59 4 55-90 Feu 
4559.30 3 | 58.309 | na 2 58.66 Cr It 
4563.36 I 63.42 | I 63.77 Ti II 
e574 .00. 6... 2 | 71.33 | 2 71.98 Ti II 
4576.38 2 | 76.57 | 2 76.31 Fel 
4580. 36 rf 
4583.97 9 | 83.84] 83.74 | 9 | 83.84 Feu 
4587.86 al 3 | 88.03 | aul 3 «|: 88.21 Cri 
DP odaide sla | Tere SQ. 80 | 2 | ; ‘ 
4616.57 000 | 16.42 | aye ° 16.67 Cri 
4619.36 2 | 20.05 | ° 18.85 Cr il, 20.52 Fe 11? 
4629.53 7 | 29.31 | 29.29 8 29.33 Fel 
4634.74 I 34-49 ; Oo | 35.32 Fe tl, 34.08 Cr 
a ee o0O0 =| | | er ree 
46390.62....... 2 39.66 | 2 | 39.69 [Fe 11] 
4657 .02...... 00 57.25 | o— | 56.98 Fen 
4063.85. ....... fore) 63.87 | o | 63.71 Fem 
4666.99 00 66.87 | | I | 66.75 Fe 
AP La Oe ee ‘ 68.61 | ° Saks ; ; 
727.92 5 28.17 | 5 | 28.09 [Fe mu] 
4731.81 I 31.45 2 | 31.49 Fell 
4774.60 ° 74.63 | : ° 74.74 [Fe 11) 
4814.40 5 14.60 14.68 5 | 14.55[Fe 1m] 
4824.12 Co | 24.46 o+ | 24.13 Cri 
4848. 37 00 | 48.03 o | 48.27Crlm 
| oe Hp | Hp 30 Hp 
4874.64...... ° we oF i... ° 74.54 [Fe 1] 
Pa ee ° 89.46 ; 3 | 89.66 [Fe 11} 
4905.25 000 05.62 | oO | 05.37 [Fe m1] 
a 5 23.96 23.90 8 | 23.92 Fell 
5018.85 (o) 18.60 17.97 | 5 | 18.44 Fe 
a ee | 59.5 | [- 
SI 69.1 I 09.03 Feu 
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applied to the 1912 wave-lengths of Moore and Sanford to make 
them homogeneous with the 1913 results. The probable identifica- 
tions are given in the last column. Those for Fe u, 77 u, and Cr 1 
agree in general with the assignments by previous investigators, but 
new data have made it possible to include additional lines. Many 
of the remaining lines, including some of the strongest in the whole 
spectrum, appear to be “forbidden”’ lines of the ionized-iron spec- 
trum, not observed in the laboratory but calculable from known 
terms. Such lines are indicated by square brackets, e.g., [Fe ul]. 

It is interesting to note how completely the ordinary lines of Fe 1 
are present. Even the weak lines not observed in the laboratory, but 

TABLE II 


DISPLACEMENTS OF LINES 


LUNT Moore AND SANFORD 
| 
AX No AX No 
| 
Fem.. to.osA 22 o.o1rA 22 
[Fe 11] ES og | 18 03 «| 20 
Ti aoe 62 OQ <8 8 
Cri oO 4 0.12 5 
Cr I (+0.06 5 


computed by Russell’ to fill out certain partially known multiplets, 
are well represented. Equally striking is the absence of lines of the 
neutral atom. 

The average displacements of various groups of lines are shown 
in Table Il. Positive displacements are toward the red, negative 
toward the violet. These are based on the published wave-lengths, 
which include corrections for radial velocity. Blends in which a sec- 
ond line probably affects the measured position are omitted from the 
tabulation. Ordinary and forbidden iron lines, Fe 11 and [Fe 1], have 
nearly the same mean displacement. The titanium lines appear to 
be shifted about half an angstrom toward the violet as compared 
with the iron lines. The chromium lines have much smaller dis- 
placements. One chromium line in Lunt’s list (A 4559.30) has a large 
positive displacement. The means with and without this line are 
shown in Table II. 


Wt. Wilson Contr., No. 318; Astrophysical Journal, 64, 194, 1926. 
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The multiplets formed by the new lines appear in Table III. 
The term values are those by Russell.‘ The wave-lengths of lines, 
given for convenience instead of wave-numbers, are in international 
angstroms in air. The intensities in 7 Carinae appear in parentheses. 


TABLE III 


FORBIDDEN MULTIPLETS IN Fe II 


aoDs aoDs, a6D; a6D oDx 
) 384 80 6067 .605 862.55 07 6 
MSS 87 I I 13.7 
23317 .61 ‘ ; , 
sD! 
b Pa ; 1889 .66(2 1958.25 5000.05 
083 
b4P2 hos a 9 . 
( ( 
21811 .93 4 é ; 
baPi f f 
22409 .71 ’ sd 
b4F 5 tae 
»2637.15 4 
b4Fj 
Bec s 52.76 Q I 9 
bal , 8 g 
22039 I 
biFS eee 
I P 
id} ed F; I 
187 ( 30.16 8 I 11 ) 
b4Fs :' 
g 
22637 .15 ‘ 
b4F4 eae 
22810.28 * 4 
b4F3 in » 
229039 I 19, 7 
b4F2 - 
23031 .25 Y 
a4G6 - " 
25428.78 976 o7\1 
i4Gss 
177 76.87 8 
5805.21 
a4 
g ‘ ~ ( 
25981 .51 ; 19 . 
4G ‘ 
26055 .35 QO! DS .30\0) 
2 5-35 


The multiplets in Table III arise from transitions between low 
energy-levels of the ionized-iron atom. The corresponding terms are 
all ‘‘even,’’ and combinations between them are forbidden by an 
empirical rule based upon all analyzed laboratory spectra. They 
may thus be regarded as stable or metastable states in which the ion 


t Thid. 
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remains a relatively long time if left to itself. The combinations, 
although not observed in the laboratory, are not, however, wholly 
impossible, and the low densities of stellar atmospheres, with the 
correspondingly great mean free times, may provide opportunities 
for them to occur. 

The structures of the multiplets are similar to those of ordinary 
multiplets. The intensities behave, in general, in about the usual 
way. Table IV shows in condensed form the relationship of the 
stronger lines to the changes in the quantum numbers. 


TABLE IV 


INTENSITIES AND QUANTUM CHANGES 


Multiplet...... aD—aS | a®D—biP’| a®D—bIF’| atF’—biF’) atF’—asG 
Ak + 2 +1 —I ° —I 
Aj of strongest lines +2 +1 ° ° —I 


The agreement between Ak and Aj appears to be about the same 
as that shown by ordinary multiplets of ionized iron. The one case 
in which 4; differs from A is an intersystem combination. A modifi- 
cation of the rule concerning changes in the inner-quantum number 
is shown by the a*F’—a‘G multiplet in which the Aj’s of observed 
lines are — 2, —1, 0, instead of the usual —1, 0, +1. A more remark- 
able instance of the violation of the rule for the inner-quantum num- 
ber is furnished by the a®°D—a®S multiplet. Here a single °S term, 
having inner-quantum number 3, combines with °D levels having 
inner-quantum numbers 1-5, yielding five strong lines. The stronger 
lines are those for which changes in j and & have the same sign, in 
accord with the usual rule. 

The relationship between the new forbidden lines and the ordi- 
nary iron spark lines is brought out by a partial Grotrian diagram 
in Figure 1. To simplify the diagram, one high level, b*F, and sever- 
al intersystem combinations are omitted. I am indebted to Miss 
Charlotte E. Moore for preparing the complete Grotrian diagram 
from which Figure 1 was taken. 

The new lines arise through transitions from even terms of inter- 
mediate energy-levels to the two lowest terms a°D and a‘F’. It is 
a striking fact that, with one exception, every calculated multiplet 
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of this kind between X 4000 and X 5000 is represented in n Carinae. 
The exception is a*F’—a®°S, an intersystem combination where the 
azimuthal-quantum number would change by three. Every initial 
state of these newly recognized transitions is the final state of well- 
known lines of Fe 11. These lines are in Table I, except \ 5316, which 
lies outside of the observed region. 

Data concerning ‘‘forbidden” lines should aid physicists in the 
study of metastable states and in the interpretation of the combina- 
tion rules. If every electronic transition has its own characteristic 
probability of occurrence at any instant (which may or may not bea 
function of the time since the arrival of the electron in the initial 
state), then the mean free time between collisions is a very impor- 
tant item in determining the relative intensities of various lines in 
the spectrum of a particular atom. Astronomical observations may 
thus supplement those of the laboratory by supplying data on line 
emission under very low densities. The character and intensity of 
the incident radiation may also play an important part in the dura- 
tion of various electronic states. The problem can, of course, be 
worked both ways, and forbidden lines may thus perhaps yield 
information concerning conditions in the stars. 

Fortunately the forbidden iron lines are known in several stellar 
spectra besides that of 7 Carinae. Some observations of these spectra 
are already on hand and will be presented in future Contributions. 
The relative behavior of the forbidden lines in various sources should 


be of considerable interest. 


The present investigation was suggested by Bowen’s success in 
identifying several of the stronger nebular lines with transitions from 
metastable states in oxygen and nitrogen atoms. 

Mount WILSON OBSERVATORY 


CARNEGIE INSTITUTION OF WASHINGTON 


February 1928 














ON THE PERIOD OF THE SPECTROSCOPIC 
BINARY 36 7? ERIDANI 
By CHARLES HUJER 
ABSTRACT 


The period of 36 79 Eridani was re-examined on the basis of observations recently 
published by the Lick Observatory and new plates lately secured at Yerkes Observa 
tory. The mean period 0185441 previously found was adjusted to 04185423 to include 
the recent observations. As the previous results suggested that the period might be 
variable, the recent observations were compared with the earlier ones. The distribu 
tion of residuals indicated no secondary period. 

Observations, being possible only near the meridian on account of the star’s south 
ern declination, made this case suitable for the use of the formula for the alternative 
periods pr=p;/(1— p;), p2=p;/(2p;—1), p3=0985423. In view of a large scattering p, 
was discarded; p;, as well as p;, gives a satisfactory velocity-curve, and either one can 
be used for determining the elements of the orbit. There is at present no way of de- 
ciding which is correct until a few spectrograms can be obtained at a longitude widely 
differing from that of the Yerkes Observatory. The elements were determined by 
Laves’s hodographic method as modified by Pogo. 


The recent volume on radial velocities of the Publications of the 
Lick Observatory' contains five observations of the radial velocity of 





























TABLE I 
LicK OBSERVATIONS 
: 
PHASES 
Date, G.C.T. Oss QUAL | VEI ogy | - 
| P=048544075 ps =098542336 | pa =141978984 | pi =549542150 
cn ; Sia | ails 
1909 Jan. 23.09 P +40 |+40 0.79 0. 33 0.73 4.28 
| 
Aug. 17.39 M —19 | 
H 12 , 5| 32 76 0.99 (| 2.18 
Aug. 29. 38 M 26 | | 
H 13 | 19 5| 35 79 1.00 2.26 
| | 
Dec. 21.08 P | 16 | 
H | isi 35.91 42 .02 0.90 «| 2.83 
| } 
| 
1910 Jan. 13.10 Mo 7 | | 
H | — 23 |—20 ° 0. 37 0. 83 1.16 2.03 
| l 

















> an 


The names of the observers are designated as follows: P=C. F. Paddock, M=J. H. Moore, 
H=Miss A. M. Hobe, Mo=Mrs. J. H. Moore. 
36 7° Eridani (a, 3"55™7; 6, — 24°18’, 1900). Since in our previous 
paper on the orbit of this spectroscopic binary? it was found that the 
™ Op. cit., 16, 50, 1928. 
20. Struve and C. Hujer, Astrophysical Journal, 65, 300, 1927. 
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period may be variable, it seemed desirable to check this by means of 
these Lick observations. Four of them fall in the year 1909 and one 
in 1910 and so form a continuation of a group of early Yerkes 
spectrograms made in 1908. The mean period 048544075 as given in 
the paper by Struve and Hujer referred to above is in agreement with 
the Lick observations, these being shifted in the direction of smaller 


phases by of15. 





Velocity in km/sec. 











fe) 0.2 0.4 0.0 0.5 


Phase in days 


Fic. 1.—Velocity-curve of 3679 Eridani (p;=0%8542336). Phases are counted 


from 1926 October 15.0. U.T. 


A new series of observations has recently been obtained with the 
Bruce spectrograph. These, when plotted against the mean period, 
proved that the velocity-curve is shifted to the left by or. 

Adjustment of the mean period.—The fact that our new observa- 
tions were shifted by o41 to the left led to an adjustment of the old 
period. As the mean separation of the new observations from the 
old ones is about 575 revolutions, the period was shortened by 
04900017, which gave p=0%85423. This new period gives a satis- 
factory curve including all observations since 1924. When the early 
Yerkes observations together with those of the Lick Observatory 
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were plotted with this adjusted period, a good curve was obtained, 
but on account of the long interval of time between the early and 
recent observations, no attempt has been made further to adjust 
the period and to combine all observations since 1908. 

An investigation of the distribution of the residuals was made 
for the purpose of finding some variability of long period. The 
adjusted curve was used for deriving the residuals. Considerable 


TABLE II 


NEW YERKES OBSERVATIONS 








PHASES 
Date, U.T | Ops QuaL. | VEI a oe seems cma 
P =048544075 | p3 =048542336 | p2=141978984 | p: = 549542159 
——_. | —— |_| —— | __——_ BRASS |p EEE E CTE 
1928 Jan. 31.096 ..| PBS | vg |+ 6.6] 0.609 0.705 1.124 2.173 
Feb. 4.108 o| aie | f I— 4.0] 349 440 0. 344 0.771 
ws | . | } " 
Feb. 6.074 BHuS| g  |—13 3| 606 | . 703 1.113 2.737 
Feb. 10.049. ... BHu g |+ 7-5) 309—CCSS 407 | 0.296 0.758 
Feb. 10.110 ..| HuS | f | 9. 4} 370} 408 357 0. 819 
Feb. 19.026 BMP f | 39. 5| 742 «| 842 | 888 3.780 
Feb. 19.095 | BPS | g | 34-1] 811 056 .057 3.849 
Mar. 3.042 ....| oHuS | g | 58.8] 087 Igo 727 4.888 
Mar. 4.035... oHu g | 47.8 226 320 522 5.881 
Mar. 5.029 | oHu g + 9.7 0. 305 0.468 | 0.318 0.921 


The names of the observers and the quality of the plates are designated as follows: B=S.B. 
Barrett, o=O. Struve, P=A. Pogo, M=W. W. Morgan, Hu=C. Hujer, S=F. R. Sullivan; vg 
very good, g=good, f=fair, p=poor. The measures are by Hujer. 


differences in the values of O.—C. were found even within the obser- 
vations of the same night. The residuals were plotted against time 
but no periodicity could be found. 

Alternative periods.—In view of the low southern declination of 
this star (— 24°), our observations have necessarily been confined 
to small hour-angles. I have, therefore, followed a suggestion of 
Professor Struve and treated this star in a manner similar to that 
applied by him to the spectroscopic binary 27 Canis Majoris,' 
which presents a similar case. Under such conditions there always 
exist three distinct periods that will fit all observations almost 
equally well. This was first pointed out in connection with variable 


t Ibid., 66, 113, 1927. 
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< 


stars by C. Hoffmeister’ and Harlow Shapley.” As has been shown 
by J.G Hagen,3 p,> p.> 14> p, are expressed in the following way: 


p= p:/(p1— 1) p:= p2/(p2—1) 
p3= py (p:+1) pi= Pp; (1— p;) 
p2= bp, (2p;—1) p;=hp2 (2p2—1) 


The values of ~;, p., p; must be expressed in sidereal time since our 
spectrographic observations were made at about the same hour- 
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Phase in days 
Fic. 2.—Velocity-curve of 3679 Eridani (p2=1%1978984). Phases are counted 
from 1926 October 15.0. U.T. Observations of different seasons are indicated as in 


Fig. 1. 


The period p,=0%85423 gives a value of 0485654 in sidereal 
time. Thus there were computed two other periods, p,= 1420119 in 
sidereal time =1419790 in mean solar time, and p,=5%97048 in 
sidereal time = 5%95422 in mean solar time. 

V elocity-curves.—The period p, was examined first and found to 
be impossible. Although the plotted observations have some tend- 


t Astronomische Nachrichten, 196, 399, 1913. 


2 Ibid., p. 417, 1913. 3 Die verdnderlichen Sterne, 1, 624, 1920. 
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ency to form a curve, the scattering is far too great, and this period 
can safely be discarded. 

The result is quite satisfactory in the case of the longer period 
p:. Here we see that the observations give a definite curve with a 
scattering somewhat smaller than in the adjusted period, p,. Now 
we have two periods: a short one p,, and a long one p,, correspond- 


















a 
a és! 
x) ° 
S 1) 
= 30 
ae « 
—40 
a no oe on ee oe ee eo oe ee ee ae 
° 1.0 2.0 3.0 4.90 5.0 0.0 


Phase in days 


Fic. 3.—Velocity-curve of 36 79 Eridani (~:=5%49542159). Phases are counted 
from 1926 October 15.0. U.T. Observations of different seasons are indicated as in 
Fig. 1. 
ing to two definite velocity-curves. Taking into consideration all 
the observations, there is no way to decide which of these two periods 
is the correct one. 

The two Mount Wilson observations of September 15, 1926, 
referred to in our earlier paper,’ seemed to show a slope correspond- 
ing to the shorter period. However, other series of plates, such as 
the one of January 15, 1927, show a slope that is much too small for 
the short period. The five-day period gives a better representation 


t Astrophysical Journal, 65, 302, 1927. 
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for this date. Evidently, the range in hour-angle during which this 
star is accessible in our northern latitudes is not sufficient to settle 
the question. Neither can a conclusion be drawn from the fact that 
both the Lick and the Mount Wilson observations were obtained 
at longitudes about 30° to the west of Williams Bay. They are 
sufficiently well represented by either period. It should be noted 
that the scattering is in both curves greater than would be expected 


TABLE III 


ORBITAL ELEMENTS 


Element Designation Pp; =0985.42336 pi: =549542150 
Velocity of system + +23.4km/sec.| -+25.0 km/sec. 
Period r 018542336 519542159 
Eccentricity e 0.052 0.115 
Half-amplitude K 37.5 km/sec. 37.§ km/sec. 
Longitude of periastron w 180 | 142 
Time of periastron ‘' 01572 11332 
Major-semiaxis asin? | 440.000 km 3000. 000 km 
Mass function m3 sin3 7,(m/-+m,)? ©. 00047 0.0324 


The phases are counted from 1926 October 15.000 U.T. 


from the internal agreement of the measurements, but there is a 
slight advantage in favor of the five-day period. 

It is unfortunate that practically all spectrographic observations 
are being made on the American continent. A few observations 
taken somewhere in India, Australia, or China would immediately 
settle the question of the period. 

For the present it seems best to give both periods and to derive 
for each curve a set of elements. This was done by the hodographic 
method as proposed by Laves and modified by Pogo.’ 

YERKES OBSERVATORY 


WILLIAMS Bay, WIs. 
April 3, 1928 


t Ibid., 67, 262, 1928. 








BRIGHT IRON LINES IN THE SPECTRUM OF H.D. 45677! 
By PAUL W. MERRILL 
ABSTRACT 


The spectrum of H.D. 45677 is B2 with numerous superposed bright lines due chiefly 
to hydrogen and ionized iron (Fe 11). The bright hydrogen lines are double, with the 
component of longer wave-length the more intense. About half of the bright iron lines 
are forbidden lines recently recognized in the spectrum of n Carinae. The apparent radial 
velocity derived from the bright lines is +19 km/sec.; from the absorption lines, 

25 km/sec. 


Mrs. Fleming’s discovery of bright hydrogen lines in the spec- 
trum of H.D. 45677? was announced in 1898 in Harvard Circular, No. 
32. A preliminary account of the spectrum as observed at Mount 
Wilson with a slit spectrograph has already been published.’ Addi- 
tional spectrograms have since been obtained, and the present article 
gives a more complete description of the spectrum, which is of special 
interest because of the presence of numerous emission lines of ionized 
iron, including about fifteen of the “forbidden” lines recently recog- 
nized in the spectrum of n Carinae.‘ 

The plates listed in Table I were taken with a one-prism spectro- 
graph and 18-inch camera. The 60-inch telescope was employed for 
the first four plates, the 1roo-inch for the others. 

The strong underlying continuous spectrum has absorption lines 
of class B2. The helium lines are well marked and without noticeable 
bright portions. The enhanced magnesium line A 4481 is present, but 
its intensity appears not to exceed one-third that of \ 4471, except 
on the last plate, where its relative intensity was estimated to be 0.4. 
Direct comparison of this plate, C 4489, with an earlier one, C 4121, 
supports the implication that \ 4481 is stronger on the later plate. 
The velocity derived from \ 4481 Mg is +27 km/sec.; from \ 4471 
He, +25 km/sec.; and from five other helium lines, +25 km/sec. 

t Contributions from the Mount Wilson Observatory, Carnegie Institution of Wash 
ington, No. 355. 

2B.D.—12°1500; R.A. 65237, Dec. —13°0’ (1900); mag. 7.5. Remark in Henry 
Draper Catalogue: “The line H®8 is bright. Hy is very hazy and may have a centre 
which is slightly brighter than other portions of the spectrum.” 

3 Publications of the Astronomical Society of the Pacific, 37, 163, 1925. 

4 Mt. Wilson Contr., No. 354; Astrophysical Journal, 67, 391, 1928. 
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Bright hydrogen lines are outstanding features of the spectrum. 
Ha, as shown by the last three plates and by an objective-prism 
photograph on March 5, 1927, is an extremely strong line. It is over- 
exposed on Plate C 4191, on which the continuous spectrum near it 
is just visible. 

The bright 76 and Hy lines are double, as is very commonly the 
case In Be spectra. In the majority of such spectra the two bright 
components are of equal intensity, but H.D. 45677 is one of a number 
of stars in which the red component is the stronger, the intensity 
ratio of the components of 16 being about 2 to 1, and of Hy, 3 or 
4to1. The ratios are not the same on all the photographs, however, 


TABLE I 


JOURNAL OF OBSERVATIONS OF H.D. 45677 


Plate Date Remarks 
y 12235... 1923 Oct. 25 Narrow 
12510 1924 Feb. 21 
isa... Dec. 15 
13158 1925 Jan. 4 Wide 
C 3540.. Sept. 30 Focus poor 
4016 1926 Sept. 17 
4121 Nov. 24 Includes red region 
4191 1927 Feb. 18 Includes red region 
4489 Oct. 14 Includes red region 


as the intensities of the violet components appear to vary. With the 
dispersion employed the components of Ha are not separated, but 
the measured position of the blend indicates that the violet com- 
ponent is about two-thirds as intense as the other. As usual in Be 
spectra, the bright portions of the hydrogen lines grow more intense, 
and the dark portions less intense, in passing from Hé6 to Ha. The 
measured positions of the bright components, expressed for conven- 
ience in terms of radial velocity (reduced to the sun), are given in 
Table II. 

The chief interest in this spectrum, however, lies in the presence 
of numerous emission lines which may be ascribed to the ionized- 
iron atom. These and a few unidentified lines do not share the struc- 
ture of the hydrogen lines, but are narrow, single lines, fairly well 
defined, although the edges are not perfectly sharp. About twenty 
well-known iron-spark lines are present, of which five or six are 
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strong enough to be measurable with some accuracy. Their displace- 
ments, reduced to the sun, are tabulated in Table III. 

A large proportion of the remaining bright lines are forbidden 
lines of the ionized-iron atom not yet observed in the labora- 
tory.’ The mean displacement of a number of the stronger ones is 
+17 km/sec., in agreement with the lines in Table III. 

TABLE II 


POSITIONS OF BRIGHT COMPONENTS OI 
HYDROGEN LINES 


Violet Comp Red Comp Blend 
Ha .| +-26 km/sec. 
HBp...|—73 km/sec +98 km/sec. 
Hy — 52 90 
H6 ..+| +03 
TABLE III 
MEASURES OF BrIGHT LINES OF Fe II 
; Apparent Radial 
Line Velocity 
A 4233 +19 km/sec. 
4549 24 
4555 . 
4583 10 
46209.. 15 
4924 is 
11 other lines 12223 
Mean... ee eS 


Measurements of the bright lines are collected in Table IV. The 
wave-lengths are corrected for a radial velocity of +19 km/sec. The 
intensities are visual estimates. 

Comparison of the spectrum of H.D. 45677 with that of n Carinae 
shows practically the same group of bright lines to be present in 
both objects, although the continuous spectrum is much stronger in 
H.D. 45677 than in the southern star. All lines in Table IV between 
4068 and \ 5168 have been observed in 7» Carinae, and only the 
weaker lines of 7 Carinae are not found in the other star. The for- 
bidden lines are relatively less intense in H.D. 45677. A comparative 
study of the intensities of the various lines will be made when data 
for other stars become available. 


t Mt. Wilson Contr., No. 354; Astrophysical Journal, 67, 391, 1928. 
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TABLE IV 


EMISSION LINES IN THE SPECTRUM OF H.D. 45677 


L.A. Int Identification 

4068. 56 2 | 68.62 Neb.? 

I Hé 
4173-7 o 86 |-73.48 Fer 
4178.5 ° 78.87 Fe il, 77.22 [Fe u]? 
4233.19 2 33.16 Fel 
4244.13 2 | 43.07 [Fe 1], 44.85 [Fe 11]? 
4276.79 I | 76.87 [Fe 11] 
4287.43 3 | 87.40 [Fe 11] 
4290.5 re) |} 96.50 Feu 
4319.7 ° | 19.64 [Fe 11] 

4 Hy 
4352.3 I 51.77 Felt, 52.80[Fe 11] 
4359.15 3 | 59.34 [Fe 11], 58. 38 [Fe 1] 
4372.5 ° 72.46 [Fe 11] 
4413.75 2 13.79 [Fe 11] 
44106. 21 2 16. 28 [Fe 11], 16.81 Fe 1 
4451.9 I 52.09 [Fe 11] 
4458.0 ° 57.96 [Fe 11] 
4508. 5+ fe) | 08. 29 Fe Il 
4515.0 ° | 15.34 Fell 
4549.58 2 49.48 Fe ul, 49.64 Ti 
4555.86 1.5 55.90 Fell 
4571.2 ° 71.98 Ti 11? 
4570.5 ° 70. 31 Few 
4583.70 3 83.84 Feu 
4620.44 2 29. 33 Fell 
4727.84 ° 28.09 [Fe 11] 
4814.4 I 14.55 [Fe 11] 

10 Hp 
4559.9 (e) SQ. 66 [ Fe 11] 
4923.34 3 23.92 Fell 
5018.4 4 18.44 Fe 1 
5158.4 2 58 o5 [Fe 11] 
5105.9 3 69.03 Fe tl 
5197-7 2 97.56 Fe 11 
5234. 2 I 34.62 Feil 
52601 fo) 
5274.9 broad or double 2 73.39 [Fe uj, 76.01 Fe 1 
5310.6 2 16.62 Fe 
5325 fe) 253.56 Fer 
5333 I 
5375 I 
6300. I 4 Neb.? 
6317 I 
6304 2 Neb.? 
0352 I 
6456 fe) | 56.39 Fell 

40 Ha 
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